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ABSTRACT 
 
The purpose of this study was to investigate the effects of a curriculum design-
based (CDB) professional development model on K–12 teachers’ capacity to integrate 
engineering education in the classroom. This teacher professional development approach 
differs from other training programs where teachers learn how to use a standard 
curriculum and adopt it in their classrooms. In a CDB professional development model 
teachers actively design lessons, student resources, and assessments for their classroom 
instruction. In other science, technology, engineering and mathematics (STEM) 
disciplines, CDB professional development has been reported to (a) position teachers as 
architects of change, (b) provide a professional learning vehicle for educators to reflect 
on instructional practices and develop content knowledge, (c) inspire a sense of 
ownership in curriculum decision-making among teachers, and (d) use an instructional 
approach that is coherent with teachers’ interests and professional goals. The CDB 
professional development program in this study used the Explore-Create-Share (ECS) 
framework as an instructional model to support teacher-led curriculum design and 
  vii 
implementation. To evaluate the impact of the CDB professional development and 
associated ECS instructional model, three research studies were conducted. In each study, 
the participants completed a six-month CDB professional development program, the PTC 
STEM Certificate Program, that included sixty-two instructional contact hours. 
Participants learned about industry and education engineering concepts, tested 
engineering curricula, collaborated with K–12 educators and industry professionals, and 
developed project-based engineering curricula using the ECS framework. The first study 
evaluated the impact of the CDB professional development program on teachers’ 
engineering knowledge, self-efficacy in designing engineering curriculum, and 
instructional practice in developing project-based engineering units. The study included 
twenty-six teachers and data was collected pre-, mid-, and post-program using teacher 
surveys and a curriculum analysis instrument. The second study evaluated teachers’ 
perceptions of the ECS model as a curriculum authoring tool and the quality of the 
curriculum units they developed. The study included sixty-two participants and data was 
collected post-program using teacher surveys and a curriculum analysis instrument. The 
third study evaluated teachers’ experiences implementing ECS units in the classroom 
with a focus on identifying the benefits, challenges and solutions associated with project-
based engineering in the classroom. The study included thirty-one participants and data 
was collected using an open-ended survey instrument after teachers completed 
implementation of the ECS curriculum unit. Results of these three studies indicate that 
teachers can be prepared to integrate engineering in the classroom using a CDB 
professional development model. Teachers reported an increase in engineering content 
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knowledge, improved their self-efficacy in curriculum planning, and developed high 
quality instructional units that were aligned to engineering design practices and STEM 
educational standards. The ECS instructional model was acknowledged as a valuable tool 
for developing and implementing engineering education in the classroom. Teachers 
reported that ECS curriculum design aligned with their teaching goals, provided a 
framework to integrate engineering with other subject-area concepts, and incorporated 
innovative teaching strategies. After implementing ECS units in the classroom, teachers 
reported that the ECS model engaged students in engineering design challenges that were 
situated in a real world context and required the application of interdisciplinary content 
knowledge and skills.  Teachers also reported a number of challenges related to 
scheduling, content alignment, and access to resources. In the face of these obstacles, 
teachers presented a number of solutions that included optimization of one’s teaching 
practice, being resource savvy, and adopting a growth mindset.   
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CHAPTER 1 
Dissertation Introduction 
 
In this section, I introduce the challenges that motivated my research as well as 
the research and development stages of implementing a solution. The challenges pertain 
to preparing K–12 teachers to implement project-based engineering in the classroom. The 
solution was developing an instructional model called the Explore-Create-Share 
framework that guided the design and implementation of a teacher professional 
development program.  
 
1.1 PROBLEM STATEMENT   
Engineering is a core discipline in pre-college education (NGSS Lead States, 
2013; NRC, 2012), and engineering education has been identified as an effective model 
to engage students, teach disciplinary concepts, situate student learning in real world 
contexts, and prepare students for high demand STEM college and career experiences 
(NAE & NRC, 2009). Notwithstanding these findings, integrating engineering in the 
classroom is a challenge for K–12 educators. Many teachers lack knowledge of the field, 
have misconceptions about the discipline and apprehension towards teaching engineering, 
and do not have training in effective instructional practices nor access to adequate 
resources to implement design-based curriculum (Banilower et al., 2013; Brophy et al., 
2008; Purzer et al., 2014).  
In my professional career, this engineering education challenge is readily 
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apparent. I help classroom teachers implement engineering practices and technologies in 
the classroom through an industry initiative sponsored by PTC Inc., a software company 
based in Massachusetts. Identifying a way to prepare pre-college teachers to effectively 
implement engineering that aligned with industry and education best practices has been a 
persistent challenge. To address this problem, I investigated curriculum & teaching 
models, and developed a new program that focused on teacher professional development 
in engineering education. This research and development effort was composed of three 
stages.  
 
1.2 FRAMEWORK STAGE  
First, I studied how people learn and came to the conclusion that enabling 
teachers to become skillful in a new field requires the organization of training around 
frameworks. A framework is a mental representation or schema that organizes knowledge 
into a conceptual model (Bransford et al., 2000). Experts use frameworks to quickly 
diagnose a given situation and take an action. For example, chess players have hundreds 
of mental frameworks for different game situations, and scientists use frameworks such 
as metabolic processes or the water cycle to understand how living and non-living things 
behave. Identifying and teaching frameworks is an important educational aim since it 
focuses student learning on core concepts, facilitates deeper learning, and fosters 
knowledge transfer (Bransford et al., 2000). Working off of this theory, I studied how 
engineers solve problems as well as how teachers conduct engineering design with their 
students.   
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What I discovered is that professional engineers solve engineering problems using 
the product development process. This systematic and multi-staged process covers 
conceptual development, detailed design, manufacturing, production, field support, and 
product retirement (Ulrich & Epinger, 2007). In the classroom, teachers implement a 
design process that emphasizes the conceptual and detailed design phases of product 
development, which is often called the engineering design process. For example, the 
eight-step engineering design process in the Massachusetts standards includes problem 
identification, research, brainstorming, selecting appropriate ideas, prototyping, testing, 
communication of the solution, and redesign (MDOE, 2006). My goal was to blend 
industry and education methodologies in order to provide students with the opportunity to 
emulate real world engineering heuristics that were aligned to their learning capabilities 
and needs.   
This research informed the development of the Explore-Create-Share (ECS) 
framework. This project-based engineering model highlights core steps a student needs to 
consider when designing an engineering solution. The Explore phase is when the student 
explores the problem and conducts research. In the Create phase, the student brainstorms 
and selects ideas that are modeled and optimized in an iterative, data-driven process. In 
the final phase—the Share phase—the student simulates different industry roles such as 
the artist, scientist, or journalist and engages in unique performance tasks associated with 
that role.  
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1.3 TEACHER PROFESSIONAL DEVELOPMENT STAGE 
In order to train teachers how to use the ECS framework, I developed a teacher 
professional development program with my colleagues at PTC. The program focused on 
teaching engineering concepts and practices as well as providing teachers with the 
opportunity to author project-based engineering units.  
This program development was guided by a philosophy of the “agile educator”. 
The idea is teachers can be innovators who identify, build and drive reform in their 
professional field. This concept of agility stemmed from our exposure to industry where 
agile businesses are identified as organizations that can quickly respond to complexity 
and change by designing effective solutions for their customers. In a similar vein, 
teachers should be agile in their environment where students with very different 
backgrounds, changing school policies and practices, and new technologies demand 
teachers to constantly evolve their instructional practice. Based on this premise, we chose 
a teacher professional development model where teachers design their own curriculum. In 
professional development literature, this curriculum design model has been identified as 
an effective method to position teachers as school innovators, develop curriculum that 
aligns with teachers’ professional goals, and provide teachers with a sense of ownership 
in curriculum decision-making (Ball & Cohen, 1996; Parke & Coble, 1997; Penuel et al., 
2007).  
The ECS Framework provided a model to organize the authoring of project-based 
engineering units. Teachers first tested ECS units and learned associated pedagogy and 
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content knowledge. Afterward, the teachers built ECS lesson plans, student work 
materials, and assessments.  
 
1.4 RESEARCH EVALUATION STAGE 
In the third and final stage I conducted a series of evaluation studies. This 
research was organized into three separate investigations that led to the production of a 
draft or published journal article. This paper-driven dissertation study model is a new 
approach for Boston University. I found this method to be especially helpful as it focused 
my research planning and implementation, and scaffolded the delivery of my research 
results in a manner that mirrored professional research.  
The paper topics I investigated were based on Guskey’s evaluation model for teacher 
professional development (Guskey, 2005). Guskey’s model breaks down evaluation by 
assessing teacher reactions and outcomes first, followed by student outcomes, and lastly 
school-wide impact. As this was a new teacher professional development program, I 
focused on evaluating teachers. This is a critical first-step in teacher professional 
development evaluation since teacher beliefs and attitudes are associated with program 
implementation success (Condliffe, 2016) and the capacity of teachers to implement new 
knowledge and practice is correlated to student achievement (Darling-Hammond, 2000; 
Yoon et al., 2007).  To address this need, I analyzed teacher reactions and outcomes after 
participating in the teacher professional development program, and gained insight on 
classroom impact by assessing teacher perceptions of the benefits, challenges, and 
solutions of implementing ECS units in the classroom. The three papers are summarized 
below:  
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  “Study 1: K–12 Teachers as Curriculum Designers in Engineering Professional 
Development” investigates the effects of a curriculum-design based professional 
development on teachers’ knowledge, attitudes and practice. This quantitative 
study includes twenty-six, pre-college teachers who completed pre-, mid-, and 
post-evaluation surveys, and an in-depth analysis of curriculum units to gauge 
how well teachers’ practices aligned with national education standards and 
engineering design practices.  
  “Study 2: K–12 Teachers’ Perceptions of the Explore-Create-Share Framework 
as a Curriculum Authoring Tool” focused on teachers ‘experiences with using the 
framework. This mixed-method study expanded on the first evaluation study by 
examining sixty-two curriculum units as well as analyzing teacher beliefs 
associated with using the ECS framework as an authoring tool.  
 “Study 3: K–12 Teachers’ Experiences Implementing Explore-Create-Share Units 
in the Classroom”, is a qualitative study. The goal of the study was to analyze 
teachers’ perceptions of the ECS framework after they implemented the unit in 
the classroom. Thirty-one teachers participated in the study, responding to an 
open-ended questionnaire that focused on identifying the classroom benefits, 
challenges, and solutions associated with implementing ECS units in the 
classroom.  
In addition to these three articles, an expository article describes the theory and practice 
supporting the ECS framework. This paper is titled, “An Analysis of Theory and Practice 
in the Explore-Create-Share Framework”. The next section will focus on this paper, and 
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the proceeding sections will present each research study, which are organized as a 
traditional journal article that includes an introduction, methods, results, discussion, and 
reference section.   
 
1.5 REFERENCES  
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CHAPTER 2 
An Analysis of Theory and Practice in the Explore-Create-Share Framework 
 
2.1 BACKGROUND 
The demand to integrate engineering in K–12 education is clear. The Next 
Generation Science Standards identify engineering as a core discipline in science 
education (NGSS, 2013), industry employers consistently demand a workforce that is 
equipped with 21st century skills and domain knowledge in the science, technology, 
engineering, and mathematics (STEM) disciplines (Carnevale, Smith & Melton, 2011; 
IBM, 2012), research on student and teacher outcomes demonstrates that engineering 
activities are an effective model to engage students, teach academic concepts, and 
position students in real-world problem scenarios (Brophy et al., 2008; Purzer, Strobel, & 
Cardella, 2014), and there is school-based interest from educators who perceive 
engineering as an engaging and effective model to teach STEM concepts (Macalalag & 
Tirthali, 2010; BMoS, 2012; Purzer et al., 2014).  
In response to this demand, education stakeholders have invested in various 
reforms including government policy, financial investment, technology innovation, 
curriculum support, and professional development (NAE, 2009). One area that requires 
improvement is preparing teachers to integrate engineering in classroom instruction. 
According to a national study, only 7% of secondary science educators and 4% of 
elementary educators feel very prepared to teach engineering (Banilower et al., 2013). 
Teachers also report concerns about the content knowledge requirements of engineering 
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and obstacles associated with instructional planning such as alignment with educational 
standards and managing resources (Cunningham & Lachapelle, 2010; Diefes-Dux, 2014; 
Purzer et al., 2014). In order to address this gap, educators need instructional support. In 
this paper we will describe how the Explore Create Share instructional model addresses 
this need by providing teachers a classroom-ready framework for implementing project-
based engineering.  
Explore-Create-Share Framework 
The Explore-Create-Share (ECS) framework is an instructional model for 
engineering education. The ECS model focuses on design-based instruction in which 
students actively solve problems by designing products. This design process is organized 
into three phases (Figure 1).  
The first phase is the Explore phase. The goal of this phase is for students to 
become familiarized with the design challenge and gather background information. This 
phase is organized into four steps: (1) the Project Scoping step is when the design 
challenge is presented and students reveal their prior knowledge about the topic, (2) the 
Research Collection step is when students gather background information on core 
concepts, the product they are going to create, and associated contexts such as user needs, 
(3) the Research Analysis step is when students unpack their research findings and 
analyze the results for themes, patterns, and other relationships that can assist with future 
design activities, and (4) the Explore Review step is when students summarize their 
learning experience through communication-centered performance tasks (e.g. reports, 
presentations, debate, etc.).  
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The second phase is the Create phase. The goal of this phase is to create a product 
that satisfies the requirements of the design challenge. This phase is organized into four 
steps: (1) the Ideation step is when students brainstorm and select ideas that address the 
problem, (2) the Modeling step is when students represent their solutions as models such 
as 2D diagrams or 3D working prototypes, (3) the Optimization step is when students 
improve their models based on feedback and testing data, and (4) the Create Review step 
is when students communicate their design solution to an audience.  
 
Figure 1. Explore-Create-Share Framework 
 
 
The third and final phase is the Share phase. In this phase, students simulate the 
role of industry professionals who would be responsible for developing the product. For 
instance, a student might simulate the role of an artist who creates a logo for a product 
design, a journalist who writes a press release about the product’s impact, or a scientist 
who conducts an experiment to verify the product’s performance requirements.  
The development of the ECS framework was guided by educational research and 
practice. In particular, four themes guided the creation of the framework: (1) learning 
with understanding, (2) design scaffolding, (3) authentic learning, and (4) 
Explore Phase
-Project Scoping
-Research Collection
-Research Analysis
-Explore Review
Create Phase
-Ideation
-Modeling
-Optimization
-Create Review
Share Phase
-Industry Role performance 
tasks (Artist, Entrepreneur, 
Journalist, Scientist, etc.)
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interdisciplinary education. The literature that supports these four themes is addressed in 
the following sections.  
 
2.2 ECS THEORY & PRACTICE  
Learning with Understanding 
Research on how people learn identifies that learning needs to be organized 
around important concepts in order to foster deep learning and knowledge transfer 
(Bransford, Brown, & Cockings, 2000). However, students often don’t learn this way in 
school. Curricula emphasize recall and delivery of memorized content knowledge 
(Bransford et al., 2000). Studies on expertise identify that knowledge of facts and 
procedures are essential to mastery. Yet, the difference between experts and novices is 
experts organize content knowledge into mental schema or frameworks that identify 
relationship and enables knowledge transfer while novices do not (Bransford et al., 
2000). For example, a widely adopted science framework is the 5E model for inquiry-
based learning (Bybee et al., 2006). In addition to ubiquitous adoption, research on the 5E 
model has demonstrated that the organization of inquiry lessons into a coherent learning 
framework facilitates instruction, student learning, and teacher professional development 
(Bybee et al., 2006). 
The ECS model is aligned with this research. The ECS structure provides a 
framework to coordinate and execute the engineering design process, and training in this 
model prepares curriculum designers to author curricula that embeds subject-specific core 
concepts called guiding principles. A guiding principle is defined as a concept that (1) 
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identifies the relationship between elements in a system or situation, and (2) is 
transferable to multiple contexts. For example, Newton’s Law of Motion is a guiding 
principle that identifies a specific relationship between force, mass and acceleration 
(F=ma) that is transferable to multiple contexts (i.e. moving objects). In this ontology, the 
guiding principle is the core concept, the elements are the facts or components of a 
system or situation, the relationship identifies how the elements are connected, and 
transfer identifies how the guiding principle applies to multiple contexts (see Table 1 
examples). All disciplines have guiding principles. For example, in the natural sciences 
guiding principles are often categorized as laws and theories (e.g. Newton’s Laws, Food 
Web, Thermodynamic Laws, Evolution, etc.) and in the social sciences they are 
assumptions, theories, and perspectives (e.g. Maslow’s Hierarchy of Needs, Balance of 
Power, Zero Sum Game).  
In engineering, guiding principles play an integral role in defining, designing, 
manufacturing and supporting products. One way to define the types of guiding 
principles in product development is to organize according to context. To support 
instructional planning, we identified four contexts that are relevant to engineering 
education: structure, environment, user, and method. First is the structure of the product. 
All products are made up of materials and thus they are governed by laws of chemistry, 
physics, and other natural sciences. For instance, the material properties of metals and 
plastics inform thermodynamic properties or load-bearing indices. Second is the 
environment in which the product is used. One must understand the environmental 
conditions that affect a product’s performance such as natural laws like gravity or 
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Table 1: Examples of Guiding Principles   
 
Guiding 
Principle  
Discipline Elements  Relationship Transfer 
Newton’s Law 
of Motion 
Physics Force, Motion, 
Acceleration, 
Object 
The sum of the external 
forces of an object is equal 
to the mass of that object 
multiplied by the 
acceleration of the object  
 
Transfers to 
multiple objects 
(e.g. car, ball, train, 
etc.) 
Food Web Ecology Producers, 
Consumers, 
Decomposers, 
Energy, 
Ecosystems 
 
A food web explains the 
transfer of energy from 
producers, consumers and 
decomposers in 
ecosystems  
Transfers to 
multiple 
ecosystems (e.g. 
pond, jungle, 
desert)  
Maslow’s 
Hierarchy of 
Needs 
Psychology Food, Water, 
Shelter, Safety, 
Sex, Society, 
Humans, 
Needs 
Human needs are 
organized into a 
hierarchical system in 
which low level needs to 
be satisfied first before 
higher level needs can be 
obtained.  
Transfers to 
multiple human 
experience (e.g. 
individual, society, 
group, etc.)  
 
weather patterns. These environment-based guiding principles play an integral role in 
ensuring that products are appropriate for their operational environments such as 
buildings on land (e.g. erosion trends, plate tectonics, etc.) or bridges over water (e.g. 
water current, run off patterns, etc.). Third is the user. All products have an intended user. 
In most cases the user is a human being whose thoughts and actions can be organized into 
guiding principles associated with anatomy, psychology, or neurochemistry. For instance, 
when designing a social networking website, one might want to consider psychology 
principles such as social impact theory or operant conditioning. Four is the method or 
process of making a product. The most common is the product development process 
itself, often described as an iterative, sequential process that guides designers from 
product conception to product retirement (Cross, 2008; Ulrich & Epinger, 2011). Other 
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method-based guiding principles are the scientific method or cost-efficiency strategies in 
business. These four contexts—Method, User, Structure, and Environment—are 
summarized as MUSE or the “four muses” of product development.   
When designing and implementing an ECS curriculum there are at least two 
guiding principles targeted as learning objectives. The first guiding principle is the 
engineering design process. This guiding principle is embedded in the ECS framework as 
particular steps in each phase (project scoping, modeling, etc.). The engineering design 
process guides both teachers and students in their problem solving process, and creates a 
common language with which the class can discuss their learning and innovation. The 
second guiding principle is a domain-specific guiding principle that aligns the subject-
area responsibilities of the educator. For instance, a physics teacher may implement a 
glider design challenge in which students learn and apply the engineering design process 
and the forces of flight concept (drag, thrust, lift, weight). In an art class, a teacher may 
have students design a packaging box for a toy in which students learn and apply the 
engineering design process and the color brand theory. The goal of this secondary 
guiding principle is two-fold: (1) to teach disciplinary concepts that enable students to 
solve a design challenge, and (2) align engineering curricula with teachers’ subject-area 
responsibilities.  
There are several intended benefits associated with incorporating guiding 
principles in curricula. First, students are given the opportunity to focus their learning on 
core concepts that are germane to disciplinary expertise, cultivating a culture of expertise 
where students master concepts that are relevant to college and career experiences. 
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Second, guiding principles enable students to engage in complex problem-solving 
process. Throughout the design process they can check in on their understanding, frame 
their findings, and evaluate their product design by using the guiding principles as a 
guide post. Third, guiding principles focus student attention on essential learning 
outcomes, facilitating goal setting and metacognitive processes such as reflection and 
self-evaluation. Fourth, guiding principles provide educators with a curriculum focus. 
Throughout the ECS learning experience educators can inform, assess and support 
student learning by using the guiding principle as an instructional benchmark.  
Scaffolding Design and Learning  
Scaffolding instruction is an effective method to develop student understanding. 
According to cognitive learning theory, learning should begin by accessing the learner’s 
prior knowledge and then follow with new knowledge that affirms, modifies, or rejects 
the student’s prior conceptions (Bransford et al., 2000). Vygotsky’s research (1978) on 
the zone of proximal development describes learning as an incremental process that is 
facilitated by structuring learning goals based on competency and supporting student 
growth through external interactions (e.g. teacher support, curriculum modifications). 
The idea of learning progressions permeates school practice. In curricula and educational 
standards, concepts are tailored for certain age levels and as one progresses through the 
K–12 education system more advanced and complex competencies are expected of 
students. In each discipline there are instructional strategies to scaffold student 
development in these learning progressions. For example, in science education the 5E 
model (engage, explore, explain, elaborate, and evaluate) is a common approach science 
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educators use to elicit student interest and build competency in inquiry-based learning 
(Bybee et al., 2006). In engineering education instructional strategies exist to scaffold the 
design process; these models often describe the design process as a sequential, iterative 
development cycle (NAE, 2009). The ECS model adds value to this existing body of 
work by articulating a classroom-ready model that scaffolds design and learning.  
An important step in preparing teachers for engineering is to provide a model that 
is easy to understand and aligns with education practice and research. In order to 
facilitate memory recall and reduce any barriers associated with complex processes, we 
organized the design process into three phases: Explore, Create, Share. Each ECS phase 
includes core design strategies that are aligned with educational standards and research in 
engineering education. 
In engineering education, problem scoping is an essential design step (Crismond 
& Adams, 2012) and it is often a design step that teachers neglect in classroom 
instruction (Hsu, Purzer, & Cardella, 2011). To assist educators with this design strategy, 
we have identified core activities that should take place at the beginning of the Explore 
phase. They include engaging student interest in the project, defining the problem and 
associated requirements, and accessing prior knowledge related to the topic. Conducting 
research is the next step in the Explore phase. The purpose of the research step is to 
gather information that can inform conceptual understanding (e.g. science theories, social 
constructs) and process-based skills (e.g. technical drawing, programming, etc) that are 
relevant to the design challenge. In the ECS model, research is broken down into two 
steps, Research Collection and Research Analysis. This bifurcated approach highlights 
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the need to explicitly move beyond just information gathering to include deep analysis of 
information in order to evaluate its impact on future design steps. The ECS model 
identifies three sources of research collection: (1) media research which includes 
investigation of print and digital materials, (2) lab research which includes scientific 
experiments and product studies, and (3) user research which includes interviews, case 
studies, and other investigation methods centered on learning the needs of the intended 
user. Research analysis is organized around core outcomes. They include: (1) identify 
important themes and trends, (2) evaluating the benefits of research information for 
future design steps, and (3) identifying potential barriers or threats to future design steps. 
Finally, the Explore Review step is an assessment point in which students communicate 
their research findings. This step can take form as reports, oral presentation, creative 
writing, or other performance tasks. 
The Create phase is when students apply their knowledge to develop a solution. In 
industry, creatives initiate product development by generating a range of ideas that are 
evaluated and refined for further representation (Crismond & Adams, 2012; Cross, 2008). 
In engineering education this step is often defined as brainstorming (NAE, 2009). In the 
ECS model, brainstorming and idea selection are categorized as one step called Ideation. 
The Ideation step includes several tasks: (1) generating as many design ideas as possible, 
(2) fostering divergent thinking by approaching the problem from various perspectives, 
and (3) narrowing down ideas based on the requirements of the challenge and the benefits 
and trade-offs. When selection of ideas is complete, the next step is to represent them in 
2D and 3D models. Resource availability and age level will dictate the degree of 
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modeling sophistication. One important strategy is to scaffold the modeling process 
(Bamberger, 2013) beginning with simple sketch representations (e.g. doodles, scenario 
sketches, information diagrams) and advancing to more complex models such as 3D 
computer designs or functional prototypes. Another way to organize modeling is by the 
material medium such as sketch-, craft-, kit-, digital-, and manufacturing-based media. 
Once a prototype has been developed the next stage is to test how well the product meets 
the design requirements and improve the design solution based on collected data. In the 
ECS model these two activities are summarized as Optimization. In education, 
optimization is often challenging to implement in the classroom (Bamberger, 2013; 
Brophy et al., 2008; Hsu et al., 2011). Time constraints often limit the capacity of 
teachers to provide opportunities for redesign. Additionally, students often become 
attached to their design ideas and are resistant to making modifications (Brophy et al., 
2008). Limitations in model sophistication can also limit the degree of experimentation 
and data analysis. For instance, scale models may not behave according to principles 
identified in natural sciences (Brophy et al., 2008). The ECS model identifies two 
optimization approaches. The first is performance-based. Using working prototypes, 
students test the behavior of the model and optimize its structure and function based on 
testing data. For instance, in a bridge design project, loads could be added and stress 
points identified. In a second iteration new features would then be added to address test 
findings. This performance-based optimization enables students to use quantitate data in 
classroom learning. The second approach is user feedback optimization, which enables 
students to gather qualitative data. For instance, community stakeholders could be invited 
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to a classroom and provide feedback on the aesthetics and ergonomics of a product (e.g. 
chair, glasses, clothing). The final step of the Create phase is the Create Review. This is 
another embedded assessment point from which students communicate their design 
solution to an audience. This communication can take many forms including traditional 
reports or student exhibitions such as competitions and science fairs.  
The final phase of the ECS model is the Share phase. In this phase students 
simulate the role of unique industry professionals with the intent of understanding how 
various industry professionals play a critical role in product development. This phase is 
more open-ended than the Explore and Create phases. Educators can select industry role 
assignments based on a number of factors such as student interests, classroom subject 
areas, or relevance to the design challenge. For example, if a science teacher 
implemented an ECS unit focused on designing a Mars spacesuit the students could take 
on the role of a scientist and conduct an experiment to validate the performance of the 
spacesuit. With the same project, an English teacher could identify an industry role 
relevant to the specific context. For example, the English teacher could assign a 
Journalist role in which students write a press release on the product. A universal 
requirement in all industry roles is that students complete a performance task associated 
with the industry. A performance task is defined as an activity in which students produce 
a deliverable (e.g. report, diagram, experiment, poster, skit, etc.) that is associated with a 
given role. There are many performance tasks a student can conduct in the classroom that 
are based on industry roles (Table 2).  
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Table 2. Examples of Share Phase Performance Tasks  
 
Anthropologist Engineer Artist Journalist Entrepreneur Scientist 
 
User Storyboard 
 
Field Study 
 
Map 
 
Political Cartoon 
 
Debate 
 
Oral History 
 
Storytelling 
 
Interview 
 
 
 
Design Brief 
 
Failure Modes 
and Effects 
Analysis 
 
3D digital 
 model 
 
Computer 
simulation 
 
Working 
prototype 
 
Manufacturing 
documentation 
 
 
Product Brand 
 
Logo 
 
Comic Strip 
 
Exhibit 
 
Book Cover 
 
Diorama 
 
Mosaic 
 
Collage 
 
Painting 
 
News Article 
 
Broadcast 
 
Webpage/Blog 
 
Biography 
 
Post Card 
 
Interview 
 
Book talk 
 
Book review 
 
User Story 
 
Business Plan 
 
Market Study 
 
Elevator Pitch 
 
Advertisement 
 
Presentations 
 
Company 
Speech 
 
Company vision 
statement 
 
Proposal 
 
Experiment 
 
Science poster 
 
Analytical 
Model 
 
Research 
Article 
 
Journal review 
 
The Share phase differs from other engineering design models that emphasize 
conceptual development and detailed design. For example, the Massachusetts’ standard 
for the engineering design process (MDOE, 2006) includes eight steps beginning with 
problem identification and leading to the development of a prototype that is tested, 
communicated and redesigned based on feedback and test results. There are no steps in 
this process that connect to other industry roles and practices such as manufacturing, field 
support, marketing, sales, maintenance, customer services, or product retirement. This is 
the purpose of the Share phase: to make explicit connections to the various roles and 
tasks in product innovation. The intent is to engage all learners in product innovation by 
demonstrating that it is not only scientists and engineers who play a key role in product 
development; it also includes artist, lawyers, writers, or customer service specialists, for 
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example.  
Overall, there are several learning benefits associated with scaffolding the design 
process with the ECS model. First, the design experience is learner-centered. Use of the 
ECS model provides students with explicit activities to share their prior learning (i.e. 
project scoping), select learning choices based on their interest and knowledge (i.e. 
ideation, modeling, optimization), and take an active role in contributing their knowledge 
and practice in the design of a solution. Second, the design experience is knowledge-
centered. Students focus their learning on core concepts embodied as guiding principles, 
scaffold their knowledge development by participating in a step-by-step iterative design 
process, and situate their knowledge in context-based learning experiences that focus on 
solving problems. Third, the ECS model is assessment-centered. Embedded in the design 
process are steps for conducting formative assessment (i.e. Explore and Create Review 
steps). Throughout the design process there are tacit activities in which students reflect on 
their learning experience during research analysis and optimization.  The model 
facilitates assessment by engaging students in creating tangible products that can be 
observed, analyzed and evaluated by peers and experts in and out of the classroom 
(Brophy et al., 2008). This product creation process also provides tacit moments for 
students to self-evaluate their work through individual tinkering, inquiry, and product 
testing. Finally, the ECS model is community-centered. Students can work 
collaboratively with their peers throughout the design process. At certain stages, 
collaboration is essential to product development. For instance, in the ideation step 
creativity is fostered by sharing many and divergent ideas. During the optimization step 
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conducting user feedback studies enables students to work with others to identify 
strengths and weaknesses in a design solution. Another potential benefit of using the ECS 
model is students can create products that can benefit people. For instance, as part of a 
classroom ECS project students could design a new playground structure or wheelchair 
ramp for use in their school. Students can also create products to be shared with people 
outside of school. This authentic learning theme is the topic of analysis in the following 
section.  
Authentic Learning and Innovation 
Reform efforts that are aimed at providing students with authentic learning 
experiences are underway in many schools (DLN, 2011). This school innovation is 
focused on shifting student learning away from traditional teacher-centered 
methodologies to positioning students as self-directed learners who apply knowledge and 
skills in real world problems. This educational aim is not new to education. Progressive 
thinkers like Dewey (1964) and Whitehead (1916/29) consistently wrote about the need 
to situate student learning in meaningful and relevant contexts that had direct impact on 
their school and home lives. Educational research identifies authentic learning to be an 
effective method to engage student learning and foster student achievement (Newman, 
1996). The ECS model aligns with this school of thought by contextualizing learning in 
real world problem scenarios through the lens of product design.  
A central theme in authentic learning is real world problem solving (Maina, 2004; 
Renzulli, Gentry, & Reis, 2004; Rule, 2004). In industry, product development is a 
systematic procedure for solving problems. The problem can be as simple as storing 
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liquid to as complex as extracting water from the surface of Mars.  In any case, products 
solve the problem by providing physical systems that can meet the requirements (e.g. 
storing liquid with a cup or extracting water on Mars with a laser probe on a robotic 
rover). Thus, when students take on the role of product designers they are inherently 
tackling real world problems. Children are natural problem solvers and are engaged by 
problem-based tasks (Bransford et al., 2000). In schools it is important for curriculum and 
teaching to situate new learning around problems as this fosters deeper understanding, 
enables students to test and refine new concepts, and contextualizes the value of 
knowledge by pairing concepts with tacit behaviors (Bransford et al., 2000). In schools 
children often do not learn this way. Textbooks and instruction organize knowledge into 
inert bodies of knowledge that favor coverage and recall instead of in-depth 
understanding and relevance (Bransford et al., 2000). This learning contrasts with how 
experts operate in industry. Experts have contextual knowledge that enables them to 
efficiently identify a situation and address the problem effectively (Bransford et al., 
2000). The ECS framework is informed by this research on authentic learning and how 
experts perform. Each ECS project is organized into a design challenge that requires 
students to solve a problem. The structure of ECS organized this problem-solving process 
and provides explicit steps to guide decision making. There are unique steps that 
highlight various real world roles such as the researcher in the Explore phase, designer in 
the Create phase and the many roles that can be simulated in the Share phase.  
Another theme involves solving problems for an authentic audience (Renzulli et 
al., 2004). In product development the audience is often called the user group. There are 
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explicit steps in the product development process in which industry design teams explore, 
evaluate, and inform their design processes by actively collaborating with the user group. 
This user-centered design can take form in activities such as market research, 
benchmarking tests, or user-reviews (Greever, 2015). In education, students can design 
products that contribute value to a user group. This contribution can be simulated or 
actual. For example, students may tackle a fictional scenario in which a community is 
facing water shortages and they need to design a water delivery system that transports 
water from one area to another. Alternatively, students can participate in design 
experiences that have a tangible impact on a user group. For instance, students could 
repurpose recycled materials to create new products that could be sold to local 
community members or design a playground or alternative energy technology that could 
be used in the school community. There are educational benefits associated with students 
informing design decisions based on user feedback. Studying and informing one’s design 
process based on user needs creates a natural connection to explore social issues, culture, 
and the economy. Simulating or actually interviewing a user group can create an 
emotional connection between the students and their subject of study. There is strong 
evidence that students are engaged and perform well when they see a connection between 
their work and the community. For example, researchers have identified that girls and 
minorities find projects more appealing when they aim to help people or solve an 
environmental issue (Cunningham & Lachapelle, 2014).   
Open-ended design problems represent another theme that permeates each stage 
of real world product development. For instance, early on a design team may have to 
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define the requirements of the product by going out into the field and interviewing 
potential users. In this case, the inputs from the user and the subsequent conversations 
among designers result in a unique set of criteria.  In other cases, the design requirements 
may be well-defined but the means for arriving at the solution is rarely prescriptive. 
Designers inform their design path through research, collaborate with peers to ideate 
possible solutions, and consistently iterate their design solutions through testing, review, 
and redesign. This open-ended nature contrasts sharply with how schools often approach 
student learning. Traditional students are expected to learn a set curriculum, with 
predefined concepts and procedures, and often are expected to reproduce this information 
in scripted exercises and rote memory tests such as multiple-choice exams. The ECS 
model aims to challenge this traditional approach. By providing educators with a 
framework to coordinate design in the classroom, the ECS model aims to integrate 
authentic learning experiences that couple effective teaching practices (e.g. teaching core 
concepts, scaffolding learning) with industry inspired practices and roles. The next 
section of this paper expands on this real world theme by identifying the central role of 
solving problems with an interdisciplinary mindset.  
 
Interdisciplinary Product Development 
Designing products is a problem solving process that requires knowledge and 
practice from many disciplines (NAE/NRC, 2014). For instance, when designing a train 
there is a need to understand science, technology, engineering, and mathematics (STEM) 
concepts such as the science of aerodynamics, the technology practices of working with 
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tools and materials, the engineering processes to conduct and coordinate multi-system 
components, and the mathematics of calculating performance metrics or business finance.  
A design team will also need to know concepts from non-STEM disciplines. For instance, 
the art of producing engaging advertisements, the social history of consumer needs and 
desires, the psychology of designing public spaces on trains, the marketing strategies for 
social networking and commercials, or the economics of purchasing and pricing. This 
interdisciplinary product development process can be illustrated as a wheel where the 
product is centered at the hub of the wheel and around the perimeter each node is a 
discipline that students can learn about through the lens of product development (Figure 
2). 
In educational research there is substantial evidence on the benefits of learning 
about other disciplines through the lens of engineering. After participating in engineering 
activities, students have reported increased interests in learning about STEM topics 
(Mehalik, 2008) and pursuing college & career pathways in STEM (Bottoms & Anthony, 
2005; Rethwishch, Starobin, Laanan, & Haynes, 2013). Students have also demonstrated 
knowledge gains in science (Fortus et al., 2005), technology (Cunningham & Lachapelle, 
2007), mathematics (Burghardt, Hect, Russo, Lauckhardt, & Hacker, 2010; Hjalmarson, 
Diefex-Dux, & Moore, 2008), and 21st century practices such as collaboration and 
problem solving (Barnett, 2005; Eschach, 2006).  
There are also challenges associated with integrating engineering with other 
disciplines. Students do not spontaneously make connections between design tasks and 
other disciplines (Crismond, 2001). When developing models students tend to focus on  
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Figure 2. Exploring Disciplines through the Lens of Products 
 
the aesthetics and ergonomics in contrast to the science and mathematics governing  
product function (Crismond 2001; Penner et al., 1998).  Another gap is educators often 
fail to make subject-area connections explicit in design projects (Brophy et al., 2008); 
this issue is representative of a much larger problem where many integrated STEM 
programs do not explicitly identify how their learning model integrates multiple 
disciplines (NAE/NRC, 2014).  
To illustrate the connections between engineering and other subjects, Table 3 
maps the ECS steps with national education standards. Disciplinary concepts were not 
included in this analysis since these outcomes are highly dependent on the context of the 
instructional goals. For instance, in a spacesuit design project a biology teacher could 
focus on the anatomy and physiology of the astronaut, a physics teacher could focus on 
thermodynamics and material properties of spacesuit components, or a history teacher 
could focus on the cultural influences of spacesuit innovation.  
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Science Connections  
In industry, product development teams use the scientific process to conduct user 
studies, market research, product simulations, and product testing in the field. The ECS 
model provides several opportunities to link science practice with engineering design. In 
the Explore phase students can conduct lab studies to become familiarized with how 
products work according to the laws of science. In the Create phase, students can conduct 
an experiment to see how well their product behaves with respect to specific performance 
requirements, and in the Share phase students can take on the role of scientist and deep 
dive into various practices such as conducting a research experiment, presenting research 
results in paper or presentation form, or propose new studies for further investigation.  
Mathematics Connections  
Mathematics is the quantitative language of product development. It enables 
design teams to communicate research findings, product performance, and market results 
in the field. Mathematics also plays a key role in the design of products. Geometry and 
measurement are the building blocks of product definition and structure. For instance, 
mathematical logic (e.g. Boolean) defines the properties of computer-aided design and 
the measurements and geometry of product features drive the output of manufacturing 
equipment (e.g. castings, molds, 3D printing). Attention to precision during research is 
essential to gathering reliable data. Asking quantitative questions and persevering in 
solving these questions is an essential practice for conducting performance test in 
optimization. Creating models that are informed by mathematical principles is another 
strong connection point in engineering (e.g. defining features based on geometry or using 
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algebraic equations to identify the relationship between cost and materials). Another 
benefit of math practices in the ECS model is communicating design results in 
quantitative form. Calculating outcomes, visualizing data in tables and graphs, and 
expressing statistical outcomes all add value to a student’s argument that they created a 
product that solved the design challenge.  
English Language Arts Connections  
Communicating ideas through writing, speaking and listening are essential 
practices in product development. In industry, writing permeates all roles in a design 
team. Researchers use literacy skills to conduct textual analyses and present results to an 
audience; leaders use writing and speaking skills to communicate business decision and 
team goals; designers use writing to document design decisions; marketers use literacy 
skills to communicate product value to customers and generate market demand; and 
lawyers use reading and writing practices to align company product development with 
legal code and document intellectual property. Literacy skills are also essential to 
engineering design. During research, students can analyze information and reflect on 
their findings through journal writing or summarize their findings in a written report. 
During ideation and modeling students can present their ideas by creating a digital 
presentation that includes written annotations as well as a summary of the product 
specifications and value. In optimization steps, students can document data and share 
their analyses in a written laboratory report. Lastly, students can share oral presentations 
that communicate their final outcomes, and/or listen to other students or guest speakers 
discuss topics and present findings related to the design project.   
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Table 3. Alignment of National Education Standards with ECS Steps 
 Project 
Scoping 
Research 
Collection 
Research 
Analysis 
Ideation Modeling Optimization 
Science (NGSS, 2013)       
Asking questions and defining 
problems 
 
X X X X X X 
Developing and using models 
 
   X X X 
Planning and carrying out 
investigations 
 
X X X X X X 
Analyzing and interpreting 
data 
 
  X X X X 
Using mathematics and 
computational thinking 
 
  X  X X 
Constructing explanations and 
designing solutions 
 
  X X X  
Engaging in argument from 
evidence 
 
  X   X 
Obtaining, evaluating and 
communicating information 
 
X X X X X X 
Mathematics (CCSS, 2010)       
Make sense of problems and 
preserve in solving them 
 
X X X X X X 
Reason abstractly and 
quantitatively  
 
  X   X 
Construct viable arguments 
and critique the reasoning of 
others 
 
  X   X 
Model with mathematics 
 
 
    X X 
Use appropriate tools 
strategically 
 
 X X  X X 
Attend to precision 
 
 X X  X X 
Look for and make use of 
structure 
 
    X X 
Look for and express regularity 
in repeated reasoning  
     X 
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English Language Arts 
(CCSS, 2010) 
      
Regular practice with complex 
texts and their academic 
language 
 
 X X    
Reading, writing, and speaking 
grounded in evidence from 
texts 
 
X X X X   
Building knowledge through 
content-rich nonfiction 
 
 
 X X    
Social Studies (C3, 2013)       
Developing Questions and 
Planning Inquiries  
 
X X     
Applying Disciplinary 
Concepts and Tools 
 
   X X  
Evaluating Sources and Using 
Evidence 
 
 X X X X X 
Communicating Conclusions 
and Taking Informed Action 
 
  X X  X 
 
Arts (NCCAS, 2014) 
      
Generate and conceptualize 
artistic work and ideas 
 
   X X  
Organize and develop artistic 
ideas and work 
 
  X X X  
Refine and complete artistic 
work 
 
     X 
Analyze, interpret, and select 
artistic work for presentation 
 
  X  X X 
Develop and refine artistic 
work for presentation 
 
    X X 
Convey meaning through the 
presentation of artistic work  
 
    X X 
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Social Studies Connections  
As products are typically intended for people, attention to social studies practices 
is fundamental to the design process. In user studies, understanding the social, cultural 
and economic origins of user needs and problems is an essential consideration. There are 
also political and legal issues to consider when designing products such as universal 
design or the origins of raw materials with respect to human rights and ecological 
considerations. The ECS model provides explicit connections to social studies practice 
identified in the C3 Framework (NCSS, 2013). Evaluating sources and using evidence is 
a critical practice for researchers, designers, and decision makers who are part of the 
product development process. For instance, user researchers need to evaluate user 
feedback from multiple user groups, scientist need to look at all of the laboratory 
evidence and cross triangulate in order to validate conclusions, and in leadership 
positions it is essential that product managers evaluate information from different sources 
such as team review, product experiments, and market research.   
Art Connections  
Art is also essential in product development. Design teams use art practices to 
inspire new ideas, inform product definition, communicate design decisions, and engage 
market interests. In the K–12 education space there are many connection points to 
engineering design. Of particular value to students is using art practices to communicate 
one’s ideas, such as presenting product structure and function through visual aids such as 
diagrams or poster presentations. Another benefit of art practices is using art principles 
such as color theory or material properties to inform the design of the actual product. For 
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example, when designing a toy product, students may want to select colors that align with 
user emotions such as orange and blue which evoke creativity and freedom respectively. 
Art practices also play a key role in the ideation process. Through simple doodles, sketch 
diagrams, and scenario drawing students can share their ideas with other classmates and 
create a visible work space for students to discuss design decisions and future steps. 
Lastly, when presenting results students can employ art practices to effectively engage 
the audience. For instance, students can create a brand logo for their design company and 
explain how the elements of their artistic logo convey the core values and operational 
mission of their organization.  
 
2.3 SUMMARY 
The ECS framework provides a simple and scalable framework that teachers from 
many disciplines can use to engage, inform, and prepare students in engineering 
education. The incorporation of industry practices is intended to align educational 
practice with modern-day product development processes. The integration of guiding 
principles and design scaffolding aims to empower teachers to use rigorous project-based 
curricula. The authentic and interdisciplinary components of the framework are intended 
to merge classroom and the real world practices as well as emulate how professionals 
work by using knowledge and skill sets from multiple disciplines.  
Assessing the viability of the ECS framework as an instructional model requires a 
number of studies. In particular, professional development interventions and their impact 
on teachers, students, and school culture needs to be analyzed. The first step is to evaluate 
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teacher outcomes, which is the focus of this dissertation study. In particular, an in-depth 
evaluation of teachers’ reactions, attitudes, knowledge, and practice based on their 
experience learning about the ECS model, designing curricula with the ECS framework, 
and implementing ECS units in the classroom is the focus of this study. The subsequent 
chapters present the background, methods, results, and discussion of this research.   
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CHAPTER 3 
Study 1: K–12 Teachers as Curriculum Designers in Engineering Professional 
Development 
 
3.1 INTRODUCTION 
Background 
The need to prepare K–12 teachers in engineering education is clear. Less than 
eight percent of K–12 science teachers report feeling very prepared to integrate 
engineering in their instruction (Banilower et al., 2013). Very few STEM teachers have 
college-level or professional training in engineering (Banilower et al., 2013). There are 
limited teacher professional development (TPD) opportunities in engineering education 
(Custer & Daugherty, 2009). And there is a paucity of engineering curricula for teachers 
to implement in their classrooms (Brophy, Klein, Portsmore, & Rogers, 2008). It is 
important to overcome these limitations in engineering teacher preparation for several 
reasons. New national science standards identify engineering as a core discipline in 
science and technical fields (NGSS Lead States, 2013), industry employers want 
employees who are technologically literate (Carnevale et al., 2011; IBM, 2012; NAE, 
2007), research on how people learn identifies design-based learning as an effective 
method to engage students in authentic, real world learning tasks (NAE & NRC, 2014), 
and teachers value engineering activities as contexts for students to understand and apply 
science and math concepts (Macalalag & Tirthali, 2010; Boston MoS, 2012). In response, 
there is a large demand to provide K–12 teachers with high quality engineering 
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professional development (Brophy et al., 2008; NAE & NRC, 2009). 
Prior Research 
Research on pre-college engineering instruction has focused on assessing the 
impact of professional development on teachers’ and students’ knowledge and attitudes. 
For instance, researchers have reported teachers’ positive reactions to hands-on, 
collaborative, and interdisciplinary components of engineering professional development 
(Faux, 2008; Macalalag & Tirthali, 2009; Yoon et al., 2013); teachers’ increased 
familiarity with design and engineering (Hsu, Purzer & Cardella, 2011; Yoon, Diefes-
Dux, & Strobel, 2013); improvements to teachers’ confidence in implementing 
engineering curriculum (Sargianis, Yang, & Cunningham, 2012); as well as an increase 
in teachers’ science knowledge (Macalalag & Tirthali, 20010) and engineering 
knowledge (LaChapelle & Cunningham, 2008; Purzer et al., 2014; Yoon et al., 2013). In 
addition, prior research has demonstrated a positive relationship between teachers’ 
participation in professional development and increased levels of student interests in 
science and engineering careers (Purzer et al., 2014) as well as improvements in students’ 
science and engineering knowledge (Macalalag & Tirthali, 2010). On the other hand, 
very little research has assessed the effects of TPD on behavioral outcomes such as 
student engineering practices or teacher instructional practice (Purzer et al., 2014). In this 
limited research area, studies have reported an association between TPD and increased 
implementation of engineering activities (Faux, 2008) and implementation of research-
based instructional practices (Capobianco & Rupp, 2014). 
Another gap in pre-college engineering research is the type of professional 
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development model assessed. Most research has focused on a specific type of engineering 
professional development; namely, a curriculum-linked model where teachers adopt a 
specific set of curricula (Custer & Daugherty, 2009; NAE & NRC, 2009). There are other 
curriculum-linked models for training teachers such as curriculum design-based 
professional development. While few in number, pre-college engineering CDB studies 
have reported the integration of engineering practices in STEM teachers’ practice 
(Capobianco & Rupp, 2014), a shift towards student-centered learning methods (Denson, 
Mentzer, & Cullum, 2009), and a correlation between teacher participation in 
engineering-based CDB professional development and reductions in student achievement 
gaps (Cantrell, Peckan, Itani, & Valasquez-Bryant, 2013). In addition, other disciplines 
employing a CDB professional development model have reported positive outcomes. In 
particular, CDB professional development has been reported to position teachers as 
architects of change, provide a professional learning vehicle for educators to reflect on 
practices and develop content knowledge, give teachers a sense of ownership in 
curriculum decision-making, and use an instructional approach that is coherent with 
teachers’ interests and professional goals (Ball & Cohen, 1996, Parke & Coble, 1997; 
Penuel, Fishman, Yamaguchi & Gallagher, 2007). There are several reasons why a CDB 
professional development model needs to be studied in engineering education: there are 
very few engineering education studies in this area (Capobianco & Rupp, 2014), 
researchers and policy makers argue engineering needs to be integrated into existing 
subject-area curricula (NAE, 2010); teachers need pedagogical models and experience 
with integrating engineering into their curricula (Narode, 2011), and research strongly 
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supports CDB professional development as an effective model to improve teacher content 
knowledge and practice (Parke & Coble, 1997; Penuel et al., 2007).   
Purpose of Study  
The purpose of this study was to determine the effectiveness of a CDB 
professional development program in improving K–12 teachers’ understanding of 
engineering subject-matter, self-efficacy in engineering curriculum design, and 
proficiency with integrating engineering design strategies in project-based engineering 
units. The following research questions guided this study:  
(1) What effect did a CDB professional development have on teachers engineering 
subject-matter knowledge?  
(2)  What effect did a CDB professional development have on teachers’ self-efficacy 
in designing engineering curricula? 
(3)  To what degree did a CDB professional development model enable teachers to 
design project-based engineering curricula?  
 
3.2 METHODS 
Curriculum Design-Based Professional Development Program   
Teachers in this study participated in a six month, graduate-level teacher 
professional development program called the PTC STEM Certificate Program. The aims 
of the program are to prepare teachers in engineering education, improve teaching 
practices in curriculum design, and increase technology integration skills. Instruction is 
delivered using a blended learning approach including face-to-face workshops and 
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online, synchronous webinars with a total of sixty-two instructional contact hours. 
Program implementation is organized into two phases.  
The first phase of the program is the Foundations Phase. This phase provides 
teachers with the opportunity to learn about engineering concepts informed by classroom 
and industry practices, test curriculum materials, collaborate with industry and education 
experts, familiarize with engineering and product development software, and share best 
practices in STEM education. The Foundations course is organized into seven sessions 
that focus on topics associated with product development. For instance, in the concept 
development session participants learn about project planning, brainstorming, systems 
engineering, and prototyping. Each session is organized into three sections: (1) an 
industry session in which industry experts deliver lectures and workshops on industry 
case studies, use cases and practice, (2) an education session in which education experts 
deliver lectures and workshops on education theory, research, and pedagogy, and (3) a 
share session in which participants in the program share education technology and 
teaching practices they implement in their classroom instruction.  
The second phase is the Authoring Phase. In this phase, teachers learn and use the 
ECS model in a structured authoring program consisting of seven stages. In the first 
stage, teachers participate in a full day STEM Authoring Bootcamp in which they are 
introduced to the ECS model, test an exemplary ECS unit, and work collaboratively to 
create a practice unit. For the final deliverable of this stage, each teacher or curriculum 
team produces a Project Definition, which identifies a guiding principle, design 
challenge, and product category (e.g. cars, bridges, prosthetics, etc.). In the second stage, 
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teachers produce a detailed outline that describes student activities for each of the 
Explore, Create, and Share steps. In the third stage, teachers learn about graphic design 
principles associated with creating curriculum documents, and then apply their 
knowledge in the production of a one-page marketing brief that summarizes their unit’s 
goals, activities, and design challenge. In stages four through six, teachers develop lesson 
plans, identify standards, create student handouts, and identify formative and summative 
assessments for each of the Explore Create and Share phases. In the seventh stage, 
teachers produce a final copy of their ECS unit and post it to an online curriculum 
repository where all program alumni share their curricula. Each authoring stage lasts 
approximately two weeks. To support their learning in stages two through seven, teachers 
participate in webinars and face-to-face workshops in which they learn instructional 
strategies associated with each authoring deliverable. At the beginning of the Authoring 
Phase teachers are assigned a Teacher Fellow who provides feedback on their authoring 
deliverables and general mentoring. The Teacher Fellow is an active K–12 classroom 
teacher who previously completed the program and has a strong background in 
curriculum design, coaching, and project-based instruction.  
Teacher Recruitment  
The professional development program staff recruited teachers to join the summer 
2014 cohort using emails, network newsletters, and conference workshops. Twenty-six 
teachers registered for the program. Teachers were invited to participate in the study 
using an email recruitment letter. All teachers volunteered to participate in the study.  
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Participants 
Participants of this study were teachers who attended the summer 2014 cohort of 
the professional development program. Table 4 provides information about participant 
characteristics. Overall, there were more females (65%) than males (35%). Ages ranged 
from 30 years or younger up to 61 years or older. Eighty-eight of participants held a 
Master’s degree or higher. Fifty percent of participants had a bachelor’s degree in a 
STEM field, and 54% of participants had industry experience in a STEM field. Teaching 
experience ranged from 0–2 years up to 21 years or more. Sixty-two percent of teachers’ 
held a teaching science teaching responsibility, 35% held an engineering or technology 
teaching responsibility, and 30% held a math teaching responsibility. Fifty-four percent 
of participants had experience teaching engineering in the classroom, 42% of teachers 
taught at the K–5 level, and the remaining 48% at the secondary level (6–12). Lastly, 
31% of participants taught in urban schools, 46% in suburban schools, and 23% in rural 
schools.  
Research Design  
This study employed a pre-post test research design without a control. Descriptive 
and inferential statistics were utilized to characterize study outcomes and relationships 
between variables. Dependent variables are organized according to the Knowledge, 
Attitude, Behavior (KAB) framework (Hsu et al., 2011). In particular, we assessed 
changes in teacher engineering subject-matter knowledge, self-efficacy in engineering-
based curriculum design (attitudes), and engineering-based curriculum design quality 
(behavior). The professional development program is the independent variable.  
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Table 4. Participant Demographics in Study 1  
Characteristic  Category Program 
Participants 
Gender  Male  9 
 Female 17 
Highest Education Bachelor 3 
 Master’s 21 
 Doctorate 2 
Degree in a STEM discipline Yes 13 
 No 13 
Industry experience in a STEM Field  Yes 14 
 No 11 
STEM Teaching Responsibilities    
 Science  16 
 Technology/Engineering 8 
 Mathematics 7 
Experience teaching engineering  Yes 14 
 No 12 
Grade Level  K–5 11 
 6–8 11 
 9–12 4 
Location Urban 8 
 Suburban 12 
 Rural  6 
 
The research theory guiding this study is based on Guskey’s evaluation 
framework and its adaptation by Yoon et al. (2013). Guskey’s evaluation model is 
organized into five levels: (1) teachers’ reactions, (2) teachers’ learning, (3) 
organizational support and change, (4) teachers’ practices, and (5) student learning 
(Guskey, 2005). Yoon et al. (2013) modified this evaluation model to incorporate 
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hierarchical linear modeling conducted by Newman (2010) which identified a positive 
relationship between teacher and student outcomes; specifically, teacher satisfaction with 
a TPD program can positively influence teacher knowledge which can in turn improve 
their teacher practices, which ultimately can improve student achievement (Newman, 
2010). In this study, semantic modifications were made to the Yoon et al. model to 
incorporate the KAB framework (Figure 3).  
 
Figure 3. Theoretical Framework for Evaluating Teacher Professional Development 
 
 
Research Instruments 
In order to assess the impact of the professional development program on 
teachers’ knowledge, attitudes, and behaviors three teacher surveys and one curriculum 
analysis instrument were employed. Each instrument is briefly described below. 
Program Rating (PR) survey: The Program Rating survey measures participants’ 
reactions to the professional development program. The survey consists of seven 5-point 
Likert type items (Very Poor, Poor, Fair, Good, and Excellent). The items include: 
participant rating of the (1) Foundations Phase, (2) Authoring Phase, (3) Course 
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Instructors, (4) Authoring Mentors, (5) Technical Support, (6) Course Guides, 
References, and Materials, and (7) Online Community Resources. 
Teachers’ Engineering Knowledge (TEK) survey: The TEK survey was designed 
to assess teachers’ self-reported understanding of engineering. The survey consists of 
four 5-point Likert type items (No Understanding At All, Minimal Understanding, 
Moderate Understanding, Proficient Understanding, and Expert Understanding).  The 5-
point Likert scale was adopted from evaluation studies conducted by the Boston Museum 
of Science Engineering is Elementary program (Sargiannis et al., 2012). The survey 
constructs are: (1) Understanding of the Engineering Design Process, (2) Engineering 
Concepts (e.g. trade-offs, requirements, optimization), (3) Engineering Habits of Mind, 
and (4) the connections between engineering and other subject-area concepts and 
practices. These constructs were selected based on research conducted by the National 
Academy of Engineering that identified foundational content knowledge in engineering 
(NAE & NRC, 2009).   
Engineering Curriculum Design Self-efficacy (ECD Self-efficacy) survey: the 
ECD Self-efficacy survey measures teachers’ engineering curriculum design self-
efficacy. This new scale consists of eight subscales that are rated on a 6-point Likert type 
agreement scale (Strongly Disagree, Disagree, Slightly Disagree, Slightly Agree, Agree, 
Strongly Agree). A three-step process was used to develop and validate the survey. First 
the constructs and associated items were defined. A literature review resulted in the 
selection of eight factors that are pertinent in engineering curriculum design: (1) K–12 
Engineering Content, (2) Industry Engineering Content, (3) Engineering Design Process, 
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(4) Project-based Learning, (5) Student Learning, (6) Integrated Learning, (7) Teaching 
Coherence and (8) Curriculum Planning (see Appendix A for list of instrument items). A 
preliminary draft of each subscale and associated items was developed with a 6-point 
scale based on instrument development by Yoon, Evans, & Strobel (2014). The second 
step was conducting a series of expert reviews. Three higher education faculty and two 
instructional designers who collectively had expertise in engineering education, science 
education, teacher professional development, and survey design reviewed the factors, 
items, and survey design. In addition, 29 teachers analyzed word choice, semantics, and 
relevance to classroom instruction. Thirdly, 53 K–12 participants piloted the survey. The 
data from this pilot study produced a Cronbach’s alpha of 0.96 for the entire scale as well 
as high reliability for the subscales (See Appendix A for subscale reliability).  
Teaching with Engineering Design (TED) curriculum quality instrument: the TED 
curriculum quality instrument measures the degree to which teachers’ curriculum plans 
target engineering design practices. The scale includes thirteen practices organized into 
four levels of proficiency (Not Informed, Beginner, Intermediate, and Advanced). A four 
step process was used to develop and validate the survey. First, we adapted Crismond & 
Adams (2012) Informed Design Teaching and Learning Matrix with the curriculum 
design strategies of the professional development program to define thirteen factors: 
Understanding the Challenge, Research, Ideation, Modeling, Optimization, Reporting, 
Review and Reflection, Project Planning and Management, Collaboration, Academic 
Rigor, Industry Product Development, and Authentic Design (Appendix B includes the 
survey items). The second step was conducting a series of expert reviews. Six K–12 
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engineering teachers, two instructional designers, and one professional engineer reviewed 
each factor and its associated proficiency levels. The third step was measuring the 
instrument’s reliability. Six K–12 engineering teachers and one researcher scored the 
same engineering unit. The raters scored 55% of the items with the same score, 45% with 
a one-point difference, 2% with a two-point difference, and 0% with a three-point 
difference. Cronbach’s alpha for the seven raters was 0.69. When one rater with several 
outlier points was omitted from the analysis, the Cronbach alpha was 0.79. Lastly, the 
twenty-three units analyzed in this study were scored by a pair of reviewers (one 
researcher and one teacher). Once all scores were tabulated, inter-rater reliability analysis 
was conducted. Of the total possible scores, 53% of the scores were rated the same, 44% 
were rated with a one-point difference, 2% were rated with a two-point difference, and 
0% were rated with a three-point difference. In order to reach a 100% consensus, pairs of 
reviewers reached a consensus score for each unit they reviewed.  
Data Collection  
During the six-month study, participants took the Program Rating and TEK 
survey once at the end of the program. Participants answered retrospectively about their 
before and after engineering subject-matter knowledge in the TEK survey. The ECD 
Self-efficacy survey was administered three times, once at the beginning, middle 
(between the Foundations and Authoring phases), and end of the program. All surveys 
were electronically administered using Qualtrics.  Lastly, teachers’ engineering 
curriculum plans were scored.  
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Data Analyses  
Our first step was exploring data for assumptions of parametric analyses. Next, 
statistical methods were selected based on the research questions and data. In particular, 
descriptive statistical analyses were selected for data produced from the Program Rating 
survey, TEK survey, and TED curriculum quality instrument. Descriptive and inferential 
statistical analyses were selected for reporting the results from the ECD Self-efficacy 
survey (paired samples t-test, independent t-test for parametric analyses, and Mann-
Whitney U tests and Kruskal-Wallis H tests for non-parametric analyses). Effect sizes 
were also calculated for the ECD Self-efficacy data using Hedges’ g calculations; this 
method was selected because the sample size was small and it has been reported that 
Cohen’s d can overestimate the magnitude of the difference in small samples. Reliability 
of the ECD Self-efficacy survey and TED curriculum quality instrument is provided in 
the Instrument section of this paper.  
 
3.3 RESULTS  
Teachers’ Reactions to the Professional Development Program  
Teachers reported high ratings for the professional development program. On 
average, participants rated the Foundations Phase of the program between Good and 
Excellent (N = 20, M = 4.80, SD = 0.41), and the Authoring Phase of the program 
between Fair and Excellent (N = 20, M = 4.70, SD = 0.57). All participants rated the 
program instructors and technical support as Excellent, and rated the course guides, 
references, and materials between Good and Excellent (N = 20, M = 4.80, SD = 0.41).  
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Changes in Teachers’ Engineering Knowledge 
After participating in the professional development program, participants’ self-reported 
an increase in their understanding of the engineering design process, engineering 
concepts, engineering habits of mind, and the connections between engineering and other  
Figure 4. Comparison of Teachers’ Pre- and Post-Program Understanding of the Engineering 
Design Process, Engineering Concepts, Engineering Habits of Mind, and the Connections 
Between Engineering and Other Subject Areas  
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subject-area concepts and practices. Understanding of the engineering design process 
shifted from between No Understanding At All and Proficient Understanding (N = 26, M 
= 2.81, SD = 1.13) before the program to between Moderate Understanding and Expert 
Understanding (N = 26, M = 4.35, SD = 0.56) after the program. Understanding of 
engineering concepts showed a similar pre/post shift between No Understanding At All 
and Proficient Understanding before the program (N = 26, M = 2.38, SD = 0.91) and 
Moderate and Expert Understanding (N = 26, M = 3.92, SD = 0.56) after the program. 
Understanding of engineering habits of mind shifted from a range of No Understanding 
At All and Expert Understanding before the program (N = 26, M = 2.65, SD = 0.98) to 
Moderate and Expert Understanding (N = 26, M = 4.08, SD = 0.48) after the program. 
Lastly, teachers reported a shift in the connections between engineering and other subject 
area concepts and practice from No Understanding At All and Proficient Understanding 
before the program (N = 26, M = 2.38, SD = 0.70) to Moderate and Expert 
Understanding (N = 26, M = 4.00, SD = 0.57) after the program. 
Changes in Teachers’ Engineering Curriculum Design Self-efficacy 
Paired-samples t-statistics tests revealed that participants significantly increased 
their engineering curriculum design self-efficacy when comparing differences between 
pre- and mid-program (t(21)= 2.14, p <0.05, Hedges’ g = 0.40), mid- and post-program 
(t(22) = 2.52, p < 0.05, Hedges’ g = 0.58) and pre- and post-program (t(23) = 5.62, 
p<0.001, Hedges’ g =1.02). Differences between pre and posttest results show an 
increased homogeneity in engineering curriculum design self-efficacy as indicated by the 
decreased range of scores and a smaller standard deviation (Table 5).  
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Table 5. Teachers’ Self-Efficacy in Designing Engineering Curricula at Pre-, Mid-, 
and Post-Program  
Phase  N Min Max M SD 
Pre-program 24 3.32 5.52 4.89 0.47 
Mid-program 23 2.67 5.87 5.15 0.64 
Post-program 26 4.85 6.00 5.54 0.35 
 
Variations in Teachers’ Engineering Curriculum Design Self-efficacy by Teacher 
and School Characteristics 
Due to a lack of variety among participants based on teachers’ subject-area, 
ethnicity and college degree level, we examined variations in college degree in a STEM 
discipline, industry experience in a STEM field, years of teaching experience, teaching 
experience in engineering, grade level, age, gender, and school location. Mann-Whitney 
U and Kruskal-Wallis H tests showed significant differences for two grouping 
characteristics. One, teachers working in urban school locations exhibited lower 
engineering curriculum design self-efficacy than teachers in suburban schools at the 
beginning of the program (U= 15.0, z= -2.40, p = 0.017, r = 0.55). Two, teachers who had 
implemented engineering activities before the professional development program 
reported higher engineering curriculum design self-efficacy at the end of the program 
than teachers who had no engineering education experience (U= 40.0, z= -2.27, p = 
0.023, r = 0.44) 
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Changes in Teachers’ Engineering Curriculum Design Self-efficacy by Construct 
Differences between ECDSE subscales at pre-, mid-, and post-program showed 
significant changes at particular program phases with the largest effect sizes occurring 
between pre- and post-program results. Furthermore, differences between pre- and post-
test results show an increased homogeneity in all engineering curriculum design self-
efficacy constructs as indicated by the decreased range of scores and a smaller standard 
deviation (Table 6).  
When comparing pre- and mid-program differences paired samples t-statistics 
tests revealed that participants significantly increased their engineering curriculum design 
self-efficacy in constructs related to engineering subject-matter and integrated learning: 
K–12 Engineering Content (t(23) = -3.36, p < 0.01, Hedges’ g = 0.62), Industry 
Engineering Content (t(23) =  -4.97, p < 0.001, Hedges’ g = 0.99), Engineering Design 
Process (t(23) = -3.57, p < 0.01, Hedges’ g = 0.67), and Integrated Learning (t(23) =  -
2.82, p < 0.01, Hedges’ g = 0.51) subscales.  
When comparing mid- and post-program differences, paired samples t-statistics 
tests revealed that teachers’ significantly increased their engineering curriculum design 
self-efficacy in subject-matter knowledge and teaching practices factors: K–12 
Engineering Content (t(23) =  -2.26, p < 0.05, Hedges’ g = 0.61), Engineering Design 
Process (t(23) =  -2.33, p < 0.05, Hedges’ g = 0.65), Project-Based Learning (t(23) =  -
2.27, p < 0.05, Hedges’ g = 0.62), Integrated Learning (t(23) =  -3.35, p < 0.01, Hedges’ 
g = 0.76), Curriculum Design Planning (t(22) =  -2.38, p < 0.05, Hedges’ g = 0.60), and 
Teaching Coherence (t(22) =  -2.36, p < 0.05, Hedges’ g = 0.60) subscales.  
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When comparing pre- and post-program differences paired samples t-statistics 
revealed that teachers significantly increased their engineering curriculum design self-
efficacy from pre- to post-program in all factors: K–12 Engineering Content (t(24) =  -
5.26, p < 0.001, Hedges’ g = 1.29), Industry Engineering Content (t(25) =  -6.41, p < 
0.001, Hedges’ g = 1.75), Engineering Design Process (t(25) =  -5.97, p < 0.001, Hedges’ 
g = 1.45), Project-based Learning (t(25) =  -3.38, p < 0.01, Hedges’ g = 0.91), Student 
Learning (t(25) =  -2.52, p < 0.05, Hedges’ g = 0.71), Integrated Learning (t(25) =  -5.90, 
p < 0.001, Hedges’ g = 1.44), Teaching Coherence (t(24) =   -3.38, p < 0.01, Hedges’ g = 
0.83), and Curriculum Design Planning (t(25) =  -2.50, p < 0.05, Hedges’ g = 0.75  
 
Table 6. Subscale Scores of Teachers’ Self-Efficacy in Designing Engineering Curricula 
Pre-, Mid-, and Post-Program  
 
 Pre-program Mid-program Post-program 
Construct N Min Max M SD N Min Max M SD N Min Max M SD 
K–12 Eng. 
Content 
 
25 2.00 6.00 4.51 0.89 24 3.00 6.00 5.04 .72 26 4.67 6.00 5.44 0.47 
Industry Eng. 
Content 
 
26 2.00 5.60 3.97 0.94 24 2.60 6.00 4.87 0.82 26 4.40 6.00 5.29 0.47 
Eng. Design 
Process 
 
26 3.00 6.00 4.68 0.71 24 3.00 6.00 5.15 0.67 26 4.70 6.00 5.53 0.40 
Project-based  
Learning 
 
26 3.00 6.00 5.07 0.69 24 2.67 6.00 5.21 0.70 26 4.78 6.00 5.60 0.43 
Student  
Learning 
 
26 3.00 6.00 5.18 0.70 24 2.60 6.00 5.33 0.73 26 5.00 6.00 5.60 0.43 
Integrated  
Learning 
 
26 3.00 5.86 4.69 0.67 24 2.71 6.00 5.04 0.72 26 4.57 6.00 5.52 0.44 
Teaching  
Coherence 
 
25 4.23 6.00 5.21 0.42 23 2.54 5.92 5.18 0.67 26 4.77 6.00 5.54 0.36 
Curricula 
Design 
Planning 
26 3.78 6.00 5.24 0.54 23 2.56 6.00 5.20 0.67 26 4.89 6.00 5.61 0.42 
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Characteristics of Teachers’ Engineering-based Curriculum Units 
Twenty teachers worked independently and three teams of two worked together to 
create model engineering units. All units included unit summaries, unit goals and 
assessments, standards matrixes, lesson objectives, lesson activities, lesson resources, and 
lessor durations. In addition, each unit focused on one big idea; 70% of these big ideas 
were associated with a science discipline (e.g. Newton’s Laws, Animal Adaptation, or 
Plant Life Cycle).   
Table 7. Grade-level and Standards Alignment of Explore-Create-Share Units in Study 1  
Characteristic  Category Curriculum Units 
Grade level target of unit K–5 8 (35%) 
 6–8 12 (52%) 
 9–12 3 (13%) 
 
Inclusion of STEM education standards  At least one Science discipline 18 (78%) 
 Earth & Space Sciences 10 (43%) 
 Life Sciences 9  (39%) 
 Physical Sciences 7  (30%) 
 Engineering  23 (100%) 
 Mathematics 10 (43%) 
 Computer Science  3 (13%) 
 
Inclusion of non-STEM education 
standards 
English Language Arts (ELA) 22 (96%) 
 Common Core ELA Speaking 
& Listening 
19 (83%) 
 Common Core ELA Reading 18 (78%) 
 Common Core ELA Writing 18 (78%) 
 Social Studies  7  (30%) 
 Visual Arts  7  (30%) 
 
 
There were eight units at the K–5 level, twelve units at the 6–8 level, and three 
units at the 9–12 level. All units targeted education standards from multiple disciplines 
with strong representation in STEM and English Language Arts (ELA) disciplines.  In 
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particular, all twenty-three units targeted at least one engineering standard and eighteen 
units (78%) targeted at least one science education standard. Among the science 
disciplines, 10 units (43%) targeted at least one earth & space science standard, 9 units 
(39%) targeted at least one life science standards, and 7 units (30%) targeted at least one 
physical science standard. In addition, 10 units (43%) and 3 units (13%) targeted at least 
one mathematics and one computer science standards respectively. In the ELA discipline, 
twenty-two units (96%) targeted at least one ELA standard with nearly equal 
representation of Common Core Reading (78%), Writing (78%), and Speaking & 
Listening standards (83%). 
Quality of Teachers’ Engineering-based Curriculum  
On average teachers designed engineering curricula that scored between beginner 
and intermediate levels of engineering integration (N= 23, M = 2.43, SD = 0.29). There 
were higher frequency of scores in each construct at the beginner and intermediate levels 
with some notable exceptions in Research and Authentic Design. In particular, 22% of 
teachers reported proficiency levels at the Advanced level in the Research category, and 
26% of teachers reported proficiency levels at the Not Informed level for Authentic 
Design. On average teachers scored at the Intermediate level for Research (N = 23, M = 
3.04, SD = 0.64), and were approaching the intermediate level for Modeling (N = 23, M = 
2.61, SD = 0.50), Review & Reflection (N = 23, M = 2.65, SD = 0.50), and Academic 
Rigor (N = 23, M = 2.74, SD = 0.54). On the opposite end, teachers scored on average 
below the Beginner level for the Authentic Design construct (N = 23, M = 1.87, SD = 
0.63). In the remaining constructs (Understand the Challenge, Ideation, Optimization, 
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Reporting, Project Planning & Management, Materials & Tools, Collaboration, and 
Industry Product Development) teachers scored on average slightly above (between 2.00 
and 2.49) the Beginner level. With respect to frequency distributions, 50% or more of 
teachers scored at the Beginner level in the Understand the Challenge (65%), Ideation 
(56%), Reporting (83%), Project Planning & Management (70%), Materials & Tools 
(65%), Collaboration (87%), Industry Product Development (52%), and Authentic 
Design (61%). Fifty percent or more of the teachers scored at the Intermediate level in the 
Research (61%), Modeling (61%), Review & Reflection (65%), and Academic Rigor 
(65%) constructs. 
Table 8. TED Curriculum Analysis Results for Study 1  
 Not Informed  Beginner Intermediate Advanced Mean  SD 
Understand the Challenge 0 15 (65%) 8  (35%) 0 2.35 0.49 
Research 0 4  (17%) 14 (61%) 5 (22%) 3.04 0.64 
Ideation 0 13 (56%) 9  (39%) 1 (4%) 2.49 0.59 
Modeling  0 9  (39%) 14 (61%) 0 2.61 0.50 
Optimization 1 (4%) 11 (48%) 10 (44%) 1 (4%) 2.48 0.67 
Reporting 0 19 (83%) 4  (17%) 0 2.17 0.39 
Review & Reflection 0 8  (35%) 15 (65%) 0 2.65 0.49 
Project Planning & Mgt.  0 16 (70%) 7  (30%) 0 2.30 0.47 
Materials & Tools 0 15 (65%) 8  (35%) 0 2.35 0.48 
Collaboration 0 20 (87%) 3  (13%) 0 2.13 0.34 
Academic Rigor 0 7 (31%) 15 (65%) 1  (4%) 2.74 0.54 
Industry Product 
Development  
1 (4%) 12 (52%) 9  (39%) 1  (4%) 2.43 0.66 
Authentic Design 6 (26%) 14 (61%) 3  (13%) 0 1.87 0.63 
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3.4 DISCUSSION 
Preliminary results suggest that a CDB professional development program is an 
effective model to improve teachers’ engineering knowledge, attitudes, and behaviors. 
Notably, teachers reported high ratings of the professional development program, 
improved understanding of engineering subject-matter knowledge, increased engineering 
curriculum design self-efficacy, and developed project-based engineering curricula that 
aligned with educational standards and demonstrated on average beginner to intermediate 
level engineering design integration. This research aligns with other disciplinary-based 
professional development models that have used a CDB model to improve teacher 
outcomes (Crawford et al., 2005; Davis & Krajcik, 2005; Parke & Coble, 1997)  
Knowledge Outcomes 
In this study, we used a retrospective survey to measure teachers’ understanding 
of engineering subject-matter content before and after the program. Results suggest that 
CDB professional development is an effective model to improve teachers’ understanding 
of the engineering design process, engineering concepts, engineering habits of mind, and 
the connections between engineering and other subject-area concepts and practices. 
These four items measured in this study are foundational concepts teachers should know 
and be able to apply in instructional practice (Capobianco & Rupp, 2014). In the 
professional development literature, a best practice is improving teachers’ content 
knowledge through active learning experiences (Borko, 2004; Garet et al., 2001; Guskey, 
2013). These preliminary findings indicate that positioning teachers as instructional 
designers in TPD can lead to improvements in engineering subject-matter knowledge.  
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Attitude Outcomes 
Pre-college engineering literature frequently cites the need to familiarize K–12 
teachers with engineering education and improve their confidence in using associated 
curriculum and teaching practices (Brophy et al., 2008; Yoon et al., 2013). According to 
this study, active participation in designing engineering curricula results in significant 
improvements in teachers’ instructional self-efficacy. In particular, teachers’ reported an 
overall improvement in ECD self-efficacy at both mid- and post-program stages. Positive 
changes in teachers’ ECD self-efficacy as a result of participating in the Foundation 
Phase suggests that familiarizing with engineering through content lectures and testing 
curriculum advances teacher self-efficacy in instructional planning. Specifically, teachers 
reported significant improvements in ECD self-efficacy constructs focused on subject-
matter content (K–12 Engineering Content, Industry Engineering Content, Engineering 
Design Process, and Integrated Learning). In contrast, teachers’ did not report 
improvements to constructs associated with teaching practice (Project Based Learning, 
Teaching Coherence, and Curriculum Planning) and improving student learning 
outcomes (Student Learning). On the other hand, after completion of the Authoring 
phase, teachers’ reported significant improvements in all constructs, and pre-post 
analyses exhibited the largest effect sizes in the ECD Self-efficacy scale.  
When comparing changes based on teacher characteristics we observed two 
significant findings. First, prior to participating in the program, teachers who worked in 
urban schools exhibited lower ECD self-efficacy. This finding may be a result of the 
challenges urban school teachers face in implementing new educational content as a 
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result of existing barriers that impede reform-oriented practices (Barton & Tobin, 2001; 
Haberman, 1991). A second difference was teachers who had prior K–12 engineering 
experience reported increased ECD self-efficacy after the program in comparison to 
teachers who had no K–12 engineering experience. Teachers who had prior experience 
with engineering education may have had more familiarity with engineering, which 
enabled them to advance further than teachers who had no experience with engineering 
education.  
Behavior Outcomes 
Each of the twenty-three units designed in this program included detailed unit 
goals, activities, and assessments. Teachers consistently designed units that focused 
student learning on big ideas, especially within the science disciplines. These findings 
indicate that teachers can take an active role in developing engineering-based curricula 
that focus student learning on deeper understanding (Bransford, Brown, & Cocking, 
2000) and connecting engineering with other disciplines (NAE & NRC, 2009). In 
addition, teachers designed project-based curricula that had a high level of integration 
with science, engineering, and Common Core ELA standards. Given the demand to 
prepare teachers for national reforms in science education, including engineering (NGSS 
Lead States, 2013), and widespread attention on improving student learning in Common 
Core ELA competencies (NGA, 2010), we can conclude that this program aligned with 
standards-based reforms, which is an indicator of high quality professional development 
(Garet et al., 2000; Guskey, 2003).  
The results of the TED curriculum quality instrument indicate that teachers who 
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participate in CDB professional development can produce beginner to intermediate level 
engineering-based curriculum. Notable findings were teachers designing curricula that 
demonstrated intermediate level quality in the Research, Modeling, Review & Reflection, 
and Academic Rigor factors. Based on the TED scale, this indicates that teachers created 
learning plans that intended for students to conduct in-depth product research, execute a 
scaffolded modeling process grounded in prior research, consistently review their work, 
receive formal feedback from their teacher, participate in instructional activities that were 
aligned with educational standards, and required both formative and summative 
assessments. These results are consistent with the literature on teacher instructional 
planning that suggests that teachers have a long-standing tradition of developing lessons 
that include assessments, aligning activities with education standards, and addressing 
important concepts and skills to be taught during the lesson (Weis, Pasley, Smith, 
Banilower, & Heck, 2003). An exception is the high score teachers received in the 
Modeling construct. In pre-college engineering research, teachers’ capacity to conduct 
engineering-level modeling has been cited to be a gap in teachers practice (Bamberger & 
Cahill, 2013). In this study 61% of teachers designed curricula that explicitly targeted 
scaffolded student modeling, ground student modeling in academic concepts, and provide 
students with a moderate level of autonomy in modeling.  
In the remaining TED subscales, teachers demonstrated a preponderance of 
beginner level engineering integration. These results align with pre-college engineering 
research, which states that K–12 educators are less prepared in scoping engineering 
problems (Brophy et al., 2008; Yoon et al., 2013), conducting optimization activities 
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(Brophy et al., 2008; Cunningham & LaChapelle, 2010), working with appropriate 
engineering materials and tools (Kelley & Wicklein, 2009), and providing students with 
authentic engineering learning experiences (Wang, Dyehouse, Weber, & Strobel, 2012). 
In conclusion, a beginner score on the TED scale is evidence of meeting basic 
requirements to conduct engineering design strategies in the classroom. This result 
indicates that a CDB professional development model can the lay a foundation for 
enabling teachers’ to implement research-based, engineering design projects in the 
classroom.   
Research Limitations 
This preliminary study had a comparable sample size to many pre-college 
engineering studies in TPD research (Hsu et al., 2011; Yoon et al., 2013). Nonetheless 
the sample size did present limitations with respect to the scope of this study. In 
particular, when comparing grouping characteristics for the ECD Self-efficacy analysis, 
the data did not meet assumptions of normality, which may have led to an increase 
probability of a Type I error. The sample size also limited research generalizations. 
Although this study provides early indications of possible associations between a CDB 
professional development program and teachers’ engineering outcomes, it does not 
demonstrate causation between the treatment and study outcomes because the study 
design did not employ a control or random sampling. Furthermore, this study consisted of 
self-selected teachers who may have been early adopters and thus their results may not 
reflect the larger population (Rogers, 1962). Another limitation of this study is the 
instrumentation. The ECD Self-efficacy scale and TED curriculum quality instrument are 
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new instruments that have been tested and validated in pilot studies. This may limit the 
content validity and reliability of the study results.  
Research Implications 
There are several aspects of this study that are significant. One, our results 
indicate that a CDB professional development program is an effective model to improve 
teachers’ understanding of foundational engineering concepts and self-efficacy in 
designing engineering curricula. In addition, a CDB model is an effective model to 
provide teachers with the opportunity to design project-based units that align with core 
engineering design strategies.  Two, these findings contribute to an existing body of 
literature focused on studying the effects of curriculum design-based professional 
development on K–12 teacher outcomes. Third, instruments for assessing ECD self-
efficacy and the quality of engineering design integration in lessons were developed and 
validated. In conclusion, we see this study as a significant step towards supporting a CDB 
professional development approach to prepare K–12 teachers in engineering education. 
Further research is warranted in identifying the effects of an engineering-based CDB 
professional development model on teachers’ instruction in the classroom as well as the 
association between CDB professional development and student learning outcomes.  
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CHAPTER 4 
Study 2: K–12 Teachers Perceptions of and Practice using the Explore-Create-Share 
Framework as a Curriculum Authoring Tool 
 
4.1 INTRODUCTION 
Background 
The need to integrate engineering in K–12 education is clear. The Next 
Generation Science Standards identify engineering as a core discipline in science 
education (NGSS Lead States, 2013), industry employers consistently demand a 
workforce that is equipped with 21st century skills and domain knowledge in science, 
technology, engineering, and mathematics (STEM) (National Academies, 2006; 
Carnevale, Smith & Melton, 2011; IBM, 2012). Research on student and teacher 
outcomes demonstrates that engineering activities are an effective model to engage 
learners, teach core academic concepts, and position students in real-world problem 
scenarios (Brophy et al., 2008; Purzer, Strobel, & Cardella, 2014), and there is school-
based interest from educators who perceive engineering as an engaging and effective 
model to teach STEM concepts (Macalalag & Tirthali, 2010; BMoS, 2012; Purzer et al., 
2014).  
In response to this demand, education stakeholders have employed various 
reforms including government policy, financial investment, technology innovation, 
curriculum support, and professional development (NAE & NRC, 2009). One area that 
requires improvement is preparing teachers to integrate engineering in classroom 
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instruction. According to a national study, less than eight percent of science educators 
feel very prepared to teach engineering (Banilower et al., 2013). Teachers also report 
concerns about the content knowledge requirements of engineering and obstacles 
associated with instructional planning such as alignment with educational standards and 
managing resources (Diefes-Dux, 2014; Purzer et al., 2014). In order to address this gap, 
educators need instructional support. This paper will describe how the Explore-Create-
Share instructional model addresses this need by providing teachers a classroom-ready 
framework for integrating engineering in the K–12 classroom.  
Prior Research 
In engineering education, research and policy exist that provide educators with 
general guidance on how to integrate engineering in the classroom. The National 
Academy of Engineering research report Engineering K–12 Education: Understanding 
the Status and Improving the Prospects (2009) identified three principles for teaching 
engineering: (1) emphasize the engineering design process, (2) integrate other disciplines 
including science and mathematics, and (3) teach engineering habits of mind such as 
creativity and collaboration. A Framework for Quality K–12 Engineering Education: 
Research and Development (2014) describes twelve key indicators of engineering 
curriculum such as teaching the processes of design or applying science, engineering and 
mathematics. The Next Generation Science Standards (2013) provide states and 
associated school systems with a set of learning outcomes students should meet in 
science and engineering education. The American Society for Engineering Education 
(ASEE) released a set of standards for guiding the development and implementation of 
 
 
 77 
engineering professional development; these research-based standards indicate that 
teachers need to understand fundamental engineering concepts, teaching strategies, the 
connection between engineering and other disciplines, as well as equip teachers with the 
means to identify and develop curriculum materials (Reimers, Farmer, & Klein-Gardner, 
2015). Collectively these principles have informed curriculum developers, K–12 outreach 
institutions, and professional development providers. 
The predominant pedagogy guiding the development of curriculum and 
professional development in engineering education is design-based learning. In this 
approach, curriculum is organized around the steps of the design process, which in turn 
structures instruction and student learning (NAE & NRC, 2009). For example, a widely 
adopted design model at the elementary level is the five-step design cycle used with 
Engineering is Elementary curriculum (NCTL, 2016) or the twelve-step model used by 
Project Lead the Way at the high school (PLTW, 2016). Scholars have demonstrated that 
the design process is an effective model to teach integrated STEM, foster authentic 
learning experiences, learn and apply academic concepts, and engage student interests 
(Brophy et al., 2008; Purzer et al., 2014). In this design-based learning approach, the 
most common professional development strategy is to develop exemplary curricula 
organized around an engineering design process and then train teachers to use these 
materials while also learning content knowledge and associated pedagogies (Custer & 
Daugherty, 2009).  Research on curriculum-linked engineering professional development 
has reported positive outcomes on teacher attitudes, knowledge and behavior (Purzer et 
al., 2014). An alternative curriculum-linked approach that is less studied is preparing 
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teachers to design and implement their own engineering curriculum.  
In other disciplines, curriculum design-based professional development has been 
reported to position teachers as architects of change, provide a professional development 
mechanism to reflect on teaching practices and develop content knowledge, enable 
teachers to develop curriculum that aligns with their professional practice, and provide 
teachers with a sense of ownership in curriculum decision-making (Ball & Cohen, 1996; 
Parke & Coble, 1997; Penuel, Fisham, Yamaguchi, & Gallagher, 2007). This teacher-led 
curriculum development addresses several problems in engineering education. First, a 
major barrier to engineering integration is teachers’ beliefs and self-efficacy towards 
teaching engineering (Cunningham, 2008; Diefes-Dux, 2014). Second, there are limited 
engineering curriculum materials (NAE, 2009). Third, teachers report challenges with 
aligning engineering curriculum to their teaching needs such as academic standards or 
curriculum pacing (Brophy et al, 2008; NAE & NRC, 2010). Fourth, schools consistently 
face budgetary limitations and thus are limited in their capacity to purchase engineering 
curriculum and training services (Kelley & Wicklein, 2009; Stolhman, Moore, & 
Roehrig, 2012). Fifth, there are few programs that prepare educators to integrate 
engineering through the lens of instructional design and curriculum innovation (Custer & 
Daugherty, 2009; Purzer et al., 2014). 
Initial research has demonstrated that curriculum design-based professional 
development programs can improve teachers’ engineering content knowledge, 
instructional practice, and attitudes associated with engineering education (Capobianco & 
Rupp, 2013; Berry & DeRosa, 2015; Guzey & Moore, 2015). For example, researchers at 
 
 
 79 
Purdue University conducted a year-long professional development program with 
teachers in grades fourth through eighth who authored integrated STEM units (Guzey & 
Moore, 2015). Their findings indicate that teachers were able to design engineering units 
that incorporated science and mathematics concepts and aligned with research-based 
engineering design practices. Another finding indicated that teachers need more support 
in developing high quality units. In particular, embedding assessments, fostering deep 
academic learning, and creating activities when students communicate their design 
process were identified as weaknesses in teachers’ curriculum design practice. In another 
study, researchers at The Science Learning Through Engineering Design (SLED) 
partnership studied the impact of a curriculum-design professional development program 
with grades five and six science teachers (Capobianco & Rupp, 2013). One outcome of 
this study was that teachers were able to design high quality units that aligned with 
science education standards and engineering design practices.  A selection of teachers in 
this study was also observed for implementation outcomes. The findings showed that 
science teachers struggled to implement an instructional experience that aligned with 
their original unit plans. In particular, teachers tended to front load their design projects 
with project planning and research activities at the cost of limiting time for other design 
processes such as modeling and optimization. Another limitation was that teachers did 
not focus on key science concepts and their application within the design task. The 
conclusions of this study was that teachers need more training to learn engineering 
concepts and commit to reforming their traditional science instruction methodologies.   
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Purpose of Study  
The purpose of this study was to analyze K–12 teachers’ experiences using the 
Explore-Create-Share (ECS) framework to design project-based engineering curriculum. 
The research questions guiding this study were:  
1. What is the quality of curriculum units developed by teachers using the Explore-
Create-Share framework?  
2. What are teachers’ perceptions after using the Explore-Create-Share framework to 
design project-based engineering units?   
 
4.2 METHODS 
Participants  
Participants of this study were teachers who attended the summer 2014 (July to 
November) and winter 2015 (January to June) cohorts of the PTC STEM Certificate 
Program. Participants were self-selected into the program. Table 9 provides information 
about participant demographics.  
Overall, there were more females (67.7%) than males (32.3%). Grade level 
groups were similar in distribution with teachers of grades 9–12 representing 36.9% of 
the group, and teachers grades 6–8 and K–5 comprising 33.8% and 24.6% of the total 
respectively. Most teachers taught in suburban schools (53.8%) with rural and urban 
school settings representing 24.6%. The majority of teachers held teaching 
responsibilities in Science (60%), Technology/Engineering (44.6%), and Mathematics 
(32.3%). A small portion of teachers were responsible for teaching English Language 
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Arts (15.4%), Social Studies (13.8%), and Visual Arts (10.8%) classes. There were a 
large percentage of teachers who had previously taught engineering (60%) as well as 
teachers who have a Master’s Degree (78.4%). More than 60% of teachers had five or 
more years of teaching experience. 
 
Table 9: Participant Demographics in Study 2  
 
Characteristic  Category % of Participants 
Total  Participants 62 participants 
Gender  Male  32.3% 
 Female 67.7% 
Grade Level Responsibility K–5 24.6% 
 6–8 33.8% 
 9–12 36.9% 
 K–12 4.6% 
Location Urban 23.1% 
 Suburban 53.8% 
 Rural  23.1% 
Teaching Responsibilities  Science  60.0% 
 Technology/Engineering 44.6% 
 Mathematics 32.3% 
 English Language Arts 15.4% 
 Social Studies  13.8% 
 Visual Arts 10.8% 
Prior Experience Teaching Engineering  Yes 60.0% 
 No 40.0% 
Teaching Experience 1–2 years 7.7% 
 3–5 years 27.7% 
 6–9 years 27.7% 
 10–14 years 24.6% 
 15–24 years +  12.3% 
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Research Design  
The research design consisted of two components: the ECS survey evaluation and 
the ECS curriculum analysis. The ECS survey evaluation was administered at the end of 
the professional development program. It consisted of four Likert-type questions that 
asked participants to evaluate their preparedness to use the ECS model to design 
curriculum, implement the ECS unit they developed, teach principles and procedures 
associated with the ECS model, and redesign curriculum (rated as Very Unprepared, 
Somewhat Prepared, Fairly Well Prepared, and Very Prepared). The survey also included 
five Likert-type questions designed to measure teachers’ perceived barriers associated 
with Curriculum Planning Time, Course Alignment, Standards Alignment, Authoring 
Software Skills, and Administrative Support when designing ECS curriculum units (rated 
as Not a Barrier, A Minor Barrier, Moderate Barrier or Major Barrier). An open-ended 
question prompted teachers to share what they perceived to be the professional learning 
impact, negative or positive, of using the ECS model to design engineering-based 
curriculum units.   
The ECS curriculum analysis was conducted several weeks after the program 
finished. Each curriculum unit was analyzed to determine core characteristics such as the 
grade-level, subject-area, guiding principle, and educational standards addressed. In 
addition, each unit was analyzed to determine the degree to which the teacher employed 
engineering design strategies. The Teaching Engineering Design (TED) Curriculum 
Quality instrument was used to conduct this analysis (Berry & DeRosa, 2015). It 
measures the degree to which a curriculum plan intends for students to participate in 
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research-based engineering design practices. The scale includes thirteen practices 
organized into four levels of proficiency (Not Informed, Beginner, Intermediate, and 
Advanced). Advanced level indicates that a curriculum plan intends for students to 
engage in design activities that are similar to professional practice, and Not Informed 
indicates that the engineering design strategy is not targeted in the student learning 
experience. The thirteen engineering design practices are (1) Understanding the 
Challenge, (2) Research, (3) Ideation, (4) Modeling, (5) Optimization, (6) Reporting, (7) 
Review and Reflection, (8) Project Planning and Management, (9) Materials & 
Technology, (10) Collaboration, (11) Academic Rigor, (12) Industry Product 
Development, and (13) Authentic Design.  
Data Analyses  
Since the study design consists of two parts, the data analyses proceeded in two 
steps. The ECS survey evaluation included Likert-type items that were analyzed for 
descriptive characteristics including mean, range and standard deviation. The open-ended 
question was analyzed using the inductive analysis method (Thomas, 2006).  First, the 
researchers independently identified the themes that emerged in the data and coded all of 
the data based on their identified themes. Second, they held a series of meetings to reach 
a consensus theme for each of their independently identified themes. Third, the 
researchers coded the data again using the consensus themes. Fourth, they discussed the 
final results and reached a consensus on all of the coding. Lastly, the researchers 
collectively identified if the final theme was categorized as a knowledge, attitude, or 
behavioral outcome (Purzer, Strobel, and Cardella, 2014). The ECS curriculum analysis 
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was conducted by seven raters. Each rater independently scored the individual units and 
reached a consensus score for each design strategy item. In addition, general 
characteristics such as the grade-level, subject-area, guiding principle, and listed 
educational standards were tabulated.  
 
4.3 RESULTS 
Teachers’ Instructional Design Practice      
Fifty-one teachers worked independently and seven teams of two worked together 
to design ECS units. All fifty-eight units included summaries, goals, standards, lesson 
objectives, lesson activities, and student guides. Each unit aimed to teach the engineering 
design process and a unique guiding principle. The majority of the units (79.0%) focused 
on unique guiding principles in the sciences. Among the science disciplines, more units 
targeted Physical Science (42.1%) followed by Life Sciences (21.1%), and Earth & Space 
Sciences (8.8%).  
There were thirteen units at the K–5 level, twenty-three units at the 6–8 level, and 
twenty-two units at the 9–12 level. All units targeted education standards from multiple 
disciplines with strong representation in STEM and English Language Arts (ELA) 
disciplines.  In particular, all fifty-eight units targeted at least one Engineering standard 
and forty-four units (75.9%) targeted at least one science education standard.  
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Table 10: Guiding Principles of Teachers’ ECS Units in Study 2 
 
Guiding Principle 
Discipline 
% Unique Guiding Principles Targeted in Units 
 
Physical Science 42.1% Acid/Base Chemistry, Bridge Forces, Civil Engineering 
Forces, Forces of Flight, Energy Transfer, Energy 
Conversion, Newton’s Laws of Motion, Mixtures & 
Solutions, Simple Machines, Sound Amplification, Structural 
Forces, Vibration Sound Theory, Wave Theory 
Life Science 21.1% Animal Adaptations, Biomimicry, Cell Structure & Function, 
Evolution, Genetic Coding, Homeostasis, Plant Life Cycle 
Earth & Space Science 8.8% Erosion processes, Water Cycle, Earthquake Patterns 
Environmental Science 7.0% Sustainable Design/Development, Sustainable Packaging 
Social Studies 7.0% Cost Effectiveness, Foreign Cultural Influences, Human 
Organization, Supply/Demand Equilibrium 
Mathematics 5.3% Right Triangle Trigonometry, Rate of Change/Slope, 
Quadratic Equations 
Psychology 3.5% Maslow’s Hierarchy of Needs 
Computer Science 3.5% Computational Thinking, Programming Language 
Art 1.8% Color Theory 
 
Approximately a third of the units targeted at least one Mathematics standard (36.2%) 
and a few units targeted Computer Science standards (6.9%). In the ELA domain, nearly 
all units targeted at least one standard (94.8%) with the most in the Speaking & Listening 
standards category (75.9%), and similar representation for Writing (69.0%) and Reading 
(67.2%). Lastly, more than a quarter of the units targeted at least one Art standard 
(27.6%) and almost a fifth of the units targeted a Social Studies standard (17.2%).   
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Table 11. Grade-level and Standards Alignment of Explore-Create-Share Units in 
Study 2 
 
Characteristic  Category Curriculum Units 
Grade level target of unit K–5 13 (22.4%) 
 6–8 23 (39.7%) 
 9–12 22 (37.9%) 
 
Inclusion of STEM education 
standards  
At least one Science standard 44 (75.9%) 
 Physical Sciences 29 (50.0%) 
 Life Sciences 15 (25.9%) 
 Earth & Space Sciences 13 (22.4%) 
 Engineering  58 (100%) 
 Mathematics 21 (36.2%) 
 Computer Science  4 (6.9%) 
 
Inclusion of non-STEM education 
standards 
At least one ELA standard  53 (94.8%) 
Common Core ELA Speaking 
& Listening 
44 (75.9%) 
Common Core ELA Writing 40 (69.0%) 
Common Core ELA Reading 39 (67.2%) 
Social Studies  10 (17.2%) 
 Visual Arts  16 (27.6%) 
 
 
On average teachers designed engineering curricula that scored between beginner 
and intermediate levels of engineering integration (N= 58, M = 2.45, SD = 0.32). There 
was a higher frequency of scores in each construct at the beginner and intermediate levels 
with some notable exceptions in Research, Academic Rigor and Authentic Design. In 
particular, 19% of teachers reported proficiency levels at the Advanced level in the 
Research category, 15.5% of teachers reported proficiency levels at the Advanced level 
in Academic Rigor, and 20.7% of teachers reported proficiency levels at the Not 
Informed level for Authentic Design.  
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Table 12. TED Curriculum Analysis Results for Study 2 
 Not Informed        
(1 point) 
Beginner 
(2 points) 
Intermediate 
(3 points) 
Advanced 
(4 points) 
Mean  SD 
Understand the Challenge 
 
1 (1.7%) 44 (75.9%) 13 (22.4%) 0 2.21 0.45 
Research 
  
1 (1.7%) 9 (15.5%) 37 (63.8%) 11 (19.0%) 3.00 0.65 
Ideation 
 
1 (1.7%) 29 (50.0%) 26 (44.8%) 2 (3.4%) 2.50 0.60 
Modeling  
 
2 (3.4%) 22 (37.9%) 33 (56.9%) 1 (1.7%) 2.57 0.60 
Optimization 
 
3 (5.2%) 29 (50.0%) 25 (43.1%) 1 (1.7%) 2.41 0.62 
Reporting 
 
1 (1.7%) 37 (63.8%) 16 (27.6%) 4 (6.9%) 2.40 0.65 
Review & Reflection 
 
0 24 (41.4%) 33 (56.9%) 1 (1.7%) 2.60 0.53 
Project Planning & Mgt.  
 
0 39 (67.2%) 19 (32.8%) 0 2.33 0.47 
Materials & Tools 
 
0 34 (58.6%) 23 (39.7%) 1 (1.7%) 2.43 0.53 
Collaboration 
 
0 48 (82.8%) 9 (15.5%) 1 (1.7%) 2.19 0.44 
Academic Rigor 
 
0 15 (25.9%) 34 (58.6%) 9 (15.5%) 2.90 0.64 
Industry Product 
Development  
 
3 (5.2%) 32 (55.2%) 21 (36.2%) 2 (3.4%) 2.38 0.64 
Authentic Design 
 
12 (20.7%) 38 (65.5%) 7 (12.1%) 1 (1.7%) 1.95 0.63 
 
There were high frequencies at the Beginner level for several strategies including 
Reporting (63.8%), Project Planning & Management (67.2%), Materials & Tools 
(58.6%), Collaboration (82.8%), and Authentic Design (65.5%). At the Intermediate level 
there were high frequencies for Research (63.8%), Modeling (56.9%), Review & 
Reflection (56.9%), and Academic Rigor (58.6%). The majority of curriculum plans did 
not have scores in the Not Informed level. In particular, five strategies had no units at the 
Not Informed level and there were only between 1 and 3 units that were scored at the Not 
Informed level for seven strategies. The exception was six units rated at Not Informed for 
Authentic Design. On the opposite end, there were no units scored at the Advanced level 
for Understand the Challenge, Project Planning and Management, and Authentic Design. 
The remaining strategies had one or two units scored at the Advanced Levels with the 
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exception of Research and Academic Rigor, which had 11 and 9 units scored at this level 
respectively.  
Teacher Perceptions on how the ECS Model Impacted their Professional Learning   
Nearly all teachers shared positive reactions about using the ECS framework in 
their curriculum development. A few teachers also expressed some concerns associated 
with the model including time management, aligning to local curriculum policies and 
over-emphasizing industry connections in science education.   
The three most frequently cited themes were designing curricula that aligned to 
teachers’ needs (47.0%), engineering integration (40.0%), and improving one’s 
instructional design knowledge (27.7%). The following learning themes were designing 
curriculum that incorporated innovative teaching strategies (26.2%), rigorous learning 
(21.5%), and engaged student interest (21.5%). Other learning themes that placed in the 
double-digit percentage range include learning new teaching perspectives (18.5%), 
incorporating helpful student learning strategies (15.4%), improving teacher self-efficacy 
(12.3%), and increasing teachers’ engineering knowledge (10.8%). The remaining 
learning themes in order are designing curriculum that fosters student creativity (9.2%), 
designing curriculum that enables professional collaboration (7.7%), and critiques and 
concerns with the model (7.7%). 
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Figure 5. Teacher Perceptions on how the ECS Model Impacted their Professional Development  
 
 
Table 13. Description of Learning Themes for the Analysis of Teachers’ Perception on 
How the ECS Model Impacted their Professional Development   
 
Learning 
Theme 
Description 
Teaching 
Alignment 
 
A teacher learned how to use the ECS model to develop engineering curricula that is 
aligned to his or her teaching context. Sub-themes include aligning to subject-area, 
student learning needs, educational standards, professional goals, and course 
curriculum plans. (Behavior domain) 
 
Instructional 
Design 
Knowledge 
A teacher’s instructional design knowledge improved. Sub-themes include 
conceptual understanding on how to organize lessons, incorporate guiding 
principles, integrate technology, and evaluate curricula. (Knowledge domain) 
 
Engineering 
Integration 
 
A teacher learned how to structure engineering curriculum. Sub-themes include 
scoping curriculum units, organizing unit lessons, scaffolding lessons, streamlining 
curriculum design, and conducting large scale authoring. (Behavior domain) 
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Innovative 
Teaching 
Strategies 
 
A teacher learned how to incorporate innovative curriculum approaches in his or her 
curriculum design process. Sub-themes include interdisciplinary learning, inquiry-
based learning, project-based learning, student-centered learning, and authentic 
learning strategies. (Behavior domain) 
 
Rigorous 
Curriculum  
 
A teacher learned how to design engineering curricula that focus on rigorous 
academic expectations. Sub-themes include targeting guiding principles or enduring 
understandings, diving deep into academic content, learning and applying 
understandings in real world applications, and challenging student learning 
expectations. (Behavior domain)  
 
Student 
Engagement 
 
A teacher learned how to develop engineering curriculum that is engaging for their 
students (Behavior domain)   
 
New Teaching 
Perspectives 
 
A teacher formed a new perspective on his or her teaching practice. Sub-themes 
include taking ownership of the curriculum design process, pushing one’s self 
outside their comfort box, and a new framework or view on teaching. (Attitude 
domain) 
 
Helpful Student 
Learning 
Strategies 
 
A teacher learned how to design engineering curricula that provides students with 
helpful learning strategies. Sub-themes include a helpful learning guide, an easy 
model for students to understand, supportive of diverse student learning styles, and 
guide for developing knowledge. (Behavior domain) 
 
Teacher Self-
efficacy 
 
A teacher improved their self-efficacy in designing engineering curricula. Sub-
themes include increased confidence in designing engineering units, increased 
confidence in teaching engineering units, and increased confidence in integrating 
engineering concepts.  (Attitude domain) 
 
Teachers’ 
Engineering 
Knowledge 
 
A teacher improved their knowledge of engineering content. Sub-themes include 
knowledge of the engineering design process, connecting engineering content with 
science, and industry product development knowledge. (Knowledge domain)  
 
Student 
Creativity  
 
A teacher perceived the ECS model as an effective tool to foster student creativity 
(Behavior Domain) 
 
Professional 
Collaboration 
 
A teacher used the ECS model to coordinate curriculum collaboration with 
professional peers. Sub-themes include sharing expertise with other teachers, 
sharing curriculum with other teachers, co-designing units using the ECS model, 
and engaging in collaboration with teachers’ administration. (Behavior domain)  
 
Critiques & 
Concerns 
 
A teacher critiqued the model or had concerns about the model. Sub-themes include 
aligning curriculum model to district curriculum policies, time to plan and 
implement units, and emphasis on industry applications for teaching science 
(Attitude Domain) 
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Teacher Perceptions on how Helpful PD Features were in Designing ECS Units 
Teachers were surveyed to identify how helpful certain features of the 
professional development program were in designing ECS units (0= Not Helpful At All, 
1=A Little Helpful, 2=Somewhat Helpful, 3= Very Helpful, 4=Extremely Helpful). 
Teachers identified ECS Pedagogy & Principles as well as Curriculum Templates and 
Unit Samples as the most beneficial with mean scores approaching Extremely Helpful 
ratings. Several factors scored close to the Very Helpful rating including the Authoring 
Bootcamp, Authoring Webinars, Teacher Mentor Support, Foundations Webinars, and 
Peer Support from colleagues in the professional development program. The lowest rated 
score was peer support from colleagues at work, which rated close to Somewhat Helpful.  
 
Table 14. Professional Development Features’ Helpfulness in Designing ECS Units  
Item  N Min Max M SD 
ECS Pedagogy & Principles  62 1.0 4.0 3.49 0.64 
ECS Curriculum Templates  62 1.0 4.0 3.37 0.60 
ECS Unit Samples  62 2.0 4.0 3.34 0.60 
Authoring Bootcamp 62 1.0 4.0 3.13 0.88 
Authoring Webinars  62 0.0 4.0 2.89 0.93 
Teacher-Mentor Support  62 0.0 4.0 2.87 1.17 
Foundations Webinars 62 0.0 4.0 2.80 0.91 
Peer Support from PD colleagues  62 0.0 4.0 2.77 1.04 
Peer Support from work colleagues 62 0.0 4.0 2.03 1.47 
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Teacher Perceptions on how Prepared they are to Use the ECS Model   
After completing the professional development program, teachers reported their 
perceived preparation levels in designing, implementing, teaching and redesigning other 
curriculum using the ECS instructional model (1=Very Unprepared, 2=Somewhat 
Prepared, 3=Fairly Well Prepared, 4=Very Well Prepared). Teachers reported high 
preparation levels measuring between Fairly Well Prepared and Very Well prepared in all 
four categories. The small standard deviation indicates homogeneity of responses for all 
four items.  
Table 15: Teachers’ Perceived Preparation Levels in Using the ECS Framework 
Item   N Min Max M SD 
Improve other curricula using ECS model 62 2.0 4.0 3.65 0.52 
Design curriculum using the ECS model 62 2.0 4.0 3.63 0.52 
Implement their own ECS unit 62 2.0 4.0 3.61 0.55 
Teach ECS principles and procedures  62 2.0 4.0 3.61 0.52 
 
Teachers’ Predicted Barriers for Implementing ECS Units in the Classroom   
Teachers predicted the degree to which institutional support, time availability, 
content expectations, materials, teacher readiness, and student capacity were barriers to 
classroom implementation on a three-point Likert scale (0=No Barrier, 1=Minor Barrier, 
2=Moderate Barrier, 3=Major Barriers). The results indicate that time to plan and 
implement units as well as demands to teach content identified in state standards were 
perceived as the largest barriers, falling somewhere between minor and moderate 
barriers. Teachers rated the remaining items at or below the minor barrier level. Access to 
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materials (computers, maker/build) and student capacity (knowledge, interest) were 
scored between 0.57 and 1.0. Teachers rated community support (principal, department 
head, parents) as the smallest barriers relative to other items in the survey, ranging 
between 0.23 and 0.39 on the barrier scale.  
Table 16: Teachers’ Predicted Barriers to Implement ECS Units in the Classroom  
  
Item  N Min Max M SD 
Time to implement the unit  62 0.0 3.0 1.48 1.00 
Demands to teach content in state assessments 62 0.0 3.0 1.43 1.08 
Instructional planning time  62 0.0 3.0 1.42 0.78 
Access to maker/build materials 62 0.0 3.0 1.00 0.87 
Student knowledge  62 0.0 3.0 0.76 0.78 
Student interest 62 0.0 3.0 0.57 0.80 
School principal support  62 0.0 3.0 0.39 0.84 
Department head support 62 0.0 3.0 0.26 0.68 
Student parent support  62 0.0 3.0 0.23 0.56 
 
 
4.4 DISCUSSION 
In order to identify teachers’ perceptions of and practice using the ECS 
framework, sixty-two teachers participated in a teacher professional development 
program focused on developing engineering-based curriculum units. The results indicate 
that teachers can design high quality engineering units, were very positive about the ECS 
framework as a model to organize curriculum development, and they foresee several 
obstacles to future classroom implementation of the model.   
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Designing Engineering Curriculum  
ECS units were analyzed for general characteristics as well as alignment to 
educational standards and engineering design principles. Similar to other engineering 
professional development studies, teachers produced units that focused on science 
concepts and structured learning activities around the engineering design process 
(Capobianco & Rupp, 2013; Guzey & Moore, 2015). Teachers also emphasized research 
and modeling practices while they minimized other design strategies such as project 
scoping and optimization. These outcomes align with classroom implementation studies 
which indicate that teachers spend less time on problem identification activities (Hsu, 
Purzer & Cardella, 2011), and during the prototyping phase students can get locked into 
one design approach (Brophy et. al, 2008) and neglect the testing and redesign steps of 
optimization (Bamberger & Cahill, 2013).  
 Another finding in this study is teachers intended to teach core concepts. In other 
research studies, teachers struggled with designing curriculum that was academically 
rigorous (Guzey & Moore, 2015) and in general teachers struggle with teaching content 
in project-based learning (Condliffe, 2016). The mechanism for targeting core concepts 
in this study was the use of the guiding principle. Seventy-nine percent of teachers 
included a guiding principle from Science; the most prevalent disciplines were Physics 
and Life Sciences. Some teachers targeted core concepts in non-STEM disciplines 
including Social Studies (e.g. cost effectiveness), Psychology (e.g. Maslow’s hierarchy of 
Needs), Computer Science (e.g. computational thinking), and visual arts (e.g. color 
theory).  
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Teachers also emphasized English Language Arts (ELA) concepts in their 
curriculum plans. In particular, the majority of teachers (94.8%) targeted at least one 
ELA standard with speaking and listening skills scoring the highest in the curriculum 
analysis followed by writing and reading standards. One of the most frequent strategies 
teachers employed with the ECS model was to require students to communicate their 
design process at certain checkpoints, particularly at the Explore and Review steps. In 
addition, some teachers targeted industry performance tasks in the Share phase that 
aligned with ELA competencies such as the journalist or researcher. In other studies, 
teachers have effectively used pre-defined engineering units that incorporate ELA 
objectives (Cunningham & LaChapelle, 2015). This practice also aligns with real world 
product development where communicating ideas, recording one’s work, and reading 
documentation are integral to organizational success (Ulrich & Eppinger, 2011).  
There were some areas that emerged as gaps in the curriculum analysis. Teachers 
did not emphasize career competencies such as productivity and management skills (P21, 
2016). Specifically, many teachers (67.2%) developed lesson plans in which students 
were intended to have a minor role in project planning & management such as selecting 
appropriate design materials. In the engineering education field, the coordination of 
design tasks has been identified as a core competency (Crismond & Adams, 2012) and in 
the professional space the effectiveness of engineers is linked to how well they can 
manage and execute project plans (Ulrich & Eppinger, 2011). There are numerous factors 
that could have attributed to this study outcome. In project-based learning research, 
teachers struggle with student-centered instruction such as providing students with 
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autonomy during open-ended projects (Condliffe, 2016; Thomas, 2000). Teachers have 
pressures from state assessment demands to cover large amounts of content in their 
schedules (Wise & Darling-Hammond, 1983), and thus project management needs are 
often scaffolded by the classroom teacher (Bransford et al., 2000). Scaffolding is also a 
common practice in elementary and middle school classrooms where the materials, 
learning spaces, and procedures are pre-determined to assist learners with investigating 
new concepts and skills (Berk & Winsler, 1995). In addition, the ECS framework is by 
design highly scaffolded. The phases, steps, and recommended activities may have 
catered to teacher-centered project management.  
Engaging students in user-centered design was another limitation in teachers’ 
curricula. User-centered design is the practice of working with the intended user to define 
the requirements of the product as well as get feedback on the product as it evolves in the 
development process (Cross, 2008; Ulrich & Eppinger, 2011). In this study, very few 
teachers intended for students to engage real users nor create a product that was intended 
for real use. Some teachers did plan for students to simulate user needs and present the 
product in a fictional presentation. This simulation approach is utilized in other 
engineering curricula. For example, in the Engineering is Elementary curriculum students 
read about children who are facing challenges such as powering homes or cooking food, 
and the students use this context to orient their design process (Boston Museum of 
Science, 2016). Another model for engaging community stakeholders is to tackle the 
challenge with systemic reform. One example is school-wide adoption of project-based 
learning principles. For instance, High Tech High and Expeditionary Learning schools 
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require students to engage in long term projects that involve community input as well as 
final capstones where they present their project results to a public audience (Condliffe, 
2016; Thomas, 2000). Another systemic approach is extracurricular programs. There are 
hundreds of summer outreach programs, after school programs, and student competitions 
that engage students in engineering activities (NAE & NRC, 2016). Research studies 
highlight how students are engaged in these STEM enrichment programs and develop 21st 
century thinking skills (Welch & Huffman, 2014). There are a number of factors that may 
have contributed to the lack of user-centered design activities in this study. Working with 
community stakeholders requires teacher planning time and resources such as travel or 
material expenditures; and engagement with stakeholders could extend the project 
duration based on availability of the community member. Another challenge is students 
are typically beginner-level designers (Crismond & Adams, 2012), thus teachers may 
refrain from challenging students to produce working solutions to avoid the frustration 
associated with not accomplishing the task (Sage, 1996).  
Teacher Perceptions of the ECS framework in Curriculum Design 
Teachers shared a number of instructional benefits associated with using the ECS 
framework. At the forefront was teaching alignment. Nearly half the teachers in the study 
commented on how they were able to develop curriculum that was coherent with their 
teaching and learning goals. Specific attributes highlighted were teaching content 
knowledge, aligning to educational standards, and engaging students with hands-on, 
active learning. For example, one teacher commented on how the ECS framework shifted 
project-based learning away from doing activities, to teaching content through PBL, and 
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another teacher commented on how the ECS framework helped them target specific 
concepts, in this case mathematics in the engineering design process:  
Redefines the way I think about my other lesson plans and the difference 
between doing a project after learning content, and doing a project to learn 
content. 
 
Overall, the impact of learning how to use the Explore-Create-Share model to 
design engineering-based curricula has been a positive influence on my future 
curriculum building pedagogy because it has given me a framework in which I 
can integrate my math curriculum standards into applications from other 
content areas. 
 
 
This outcome is similar to Guzey and Moore’s curriculum development study 
(2015) who reported that middle school teachers were able to design engineering units 
that integrated science and engineering standards. Guzey and Moore’s study also pointed 
out that teachers needed more support in developing high quality units especially in 
engaging students in deep learning. The results of this study indicate that teachers 
perceived their content to be academically rigorous. Consistently teachers highlighted 
how the content goals of their curricula aligned with their teaching goals, and moreover, 
targeted core concepts. A frequently cited mechanism for obtaining this goal was the 
implementation of the guiding principle in the curriculum planning process: 
The Explore-Create-Share [model] has had a positive impact on my 
instructional practices. Before this course I attempted to incorporate the 
engineering design process, but it was very disorganized. Developing and 
implementing the guiding principle helped me develop projects that were 
more in line with knowledge and performance goals I had for my students. 
 
After taking this course, I now approach all of my science curricula through 
this lens and find that I am a better teacher for it. It gives a focus and sequence 
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to my units, and reminds students to keep coming back to the main guiding 
principle. 
 
The targeting of core concepts in the instructional design process is used by other 
instructional models. A widely adopted model is the Understanding by Design method 
(Wiggins & McTigh, 2000). In this strategy, teachers identify the overarching objectives 
and assessments, and then the curriculum activities are articulated. Central to this model 
is the identification of Big Ideas, which are similar to guiding principles in that that both 
constructs target disciplinary core concepts or enduring understandings. The difference is 
guiding principles are clearly defined as core concepts that identify the relationship 
between elements in a system or situation and they are transferable to multiple contexts. 
For example, Newton’s Law of F=MA defines a relationship between the elements of 
force, mass, and acceleration, and this principle is applicable to moving objects in 
multiple systems such as a ball, car, or train. In instructional design practice, the guiding 
principle strategy is also situated within the design process. Teachers in the professional 
development study were trained to identify how guiding principles assist students with 
solving a design challenge. For example, understanding the F=MA guiding principle can 
assist a student with the modeling of a prototype vehicle to maximize how far the car can 
carry a load of materials or the distance it can travel.  
Another benefit cited by teachers was the structure of the ECS framework. 
Teachers commented on the simplicity of the framework, how it enabled them to scaffold 
the design process, integrate academic concepts from multiple disciplines, plan for 
student assessment, and embed instructional technologies. The use of instructional 
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models is a widely adopted practice in education. For example, in the science community 
the inquiry process is often organized into an instructional model. The most common 
model is Bybee’s 5E model. In addition to ubiquitous adoption, research on the 5E model 
has demonstrated that the organization of inquiry lessons into a coherent learning 
sequence facilitates instruction, student learning, and teacher professional development 
(Bybee et al., 2006). In the engineering education field, the design process has been 
identified as a useful instructional model. Teachers have reported how it facilitates 
creativity, hands-on engagement, and a model to apply multiple disciplines (Anastasia, 
Douglas, & Diefes-Dux, 2014; Yoon, Diefes-Dux, & Strobel, 2013). What isn’t well 
documented is teachers’ experiences using an instructional model to develop their own 
units. In this study, teachers commented on how the ECS framework helped them grapple 
with the complexity of the engineering design process. Moreover, some teachers 
commented on how this model would also benefit student learning because it breaks 
down the design into manageable pieces. In engineering education, teachers often express 
anxiety about teaching engineering (Cunningham, 2008) and a national study on science 
educators identified that less than eight percent of teachers feel prepared to teach 
engineering (Banilower et al., 2013). In the present study, teachers commented on how 
the ECS framework simplified the development of engineering curricula and how it is 
easy to use: 
 
The model has simplified my knowledge of curriculum development. It still 
incorporates guiding principles and has what I call the big idea and essential 
questions, but has allowed me to think broader and integrate multiple subject-
areas. 
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The framework of exploring an idea, creating a product, and sharing 
knowledge is an easy pattern to use in units big and small. 
 
 
Another theme in the narrative is teachers felt invigorated about incorporating 
innovative teaching strategies. The comments focused on a new way of thinking about 
their subject-areas and instructional practice. In particular, teachers described the ECS 
framework as a student-centered model that positioned students as creators who engaged 
in real world tasks. In some cases, teachers juxtaposed this approach with traditional 
lecture methods stating how the project-based method was more engaging for their 
students:  
The Explore-Create-Share model has positively impacted my professional 
learning and growth more than I can put into words. The engineering-based 
design curricula have brought back the "old way of teaching" by reintroducing 
inquiry and student centered projects. The foundation is directly applicable to 
industry and easily aligned to current teaching practices. I could not be more 
excited to bring the Explore-Create-Share model and engineering-based 
curricula into my daily practices. 
 
This past year has been a very trying time for myself personally and for the 
school district. With so many new requirements being thrown at teachers and 
the pressure to maintain ourselves as a tier 1 school, science often took a back 
seat to ELA and Mathematics. This class and learning about the Explore-
Create-Share model has provided me with a new look at school and how it can 
have a positive effect on my students. 
 
 
The results also revealed a few critiques and concerns that focused on implementation 
efforts. The concerns emphasized time management issues. Five teachers commented on 
how the curriculum process was a lengthy process. One teacher shared how this time 
issue was a frustration as he would like to implement the ECS framework with more units 
but was unable to because of other demands. 
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On the negative side, now I want to implement this everywhere and I simply 
don't have the time, which bothers me. I don't like when I can make lessons 
drastically better but just don't have the time. 
 
There was also one teacher who was concerned about the emphasis of situating student 
learning in an industry perspective, in particular building products for a business endeavor 
in contrast to students exploring science to cultivate curiosity; and there was another 
teacher who was concerned about aligning the ECS curriculum format to her school’s 
standardized curriculum planning software.    
Preparing Teachers to Implement Project-based Engineering 
The results of this study point out that teachers felt ready to implement the ECS 
framework in their instruction. In particular, teachers self-rated their preparation levels 
for improving existing curricula, designing new curricula, implementing the new units 
the designed as well as incorporating the strategies in the instruction at levels 
approaching very well prepared. At the same time, teachers also identified some 
challenges for classroom implementation. These challenges focused on time management 
and content coverage and to some degree resources and student capacity.  
Teachers exhibited concerns with how long it takes to develop a unit, the length 
of time required to implement the unit, and how these units would conflict with other 
content coverage goals, in particular teaching content in state assessments. These findings 
are similar to other studies on project-based learning. For example, Marx et al., (1997) 
reported instructional planning time as a significant challenge, Ladewewski et al., (1994) 
pointed out how teachers struggle with allotting the appropriate amount of time to engage 
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students in open-ended activities, and Rosenfeld et al. (1998) commented on how the 
time commitments limits the capacity to carry out authentic scenarios. Furthermore, there 
is a consistent finding that teachers struggle with aligning PBL instruction with the 
content goals of their school curriculum (Condliffe, 2016, Thomas, 2000). In the 
engineering education field, teachers struggle with time management issues as well. 
Kelley & Wicklein (2009) polled teachers on a number of barriers in engineering 
education, and time to seek out professional development and teacher prep time were 
identified as major challenges. Teachers have identified how they struggle with 
implementing the entire design process, especially the optimization stage (Kelley, 2010), 
and in general associate the hands-on design process as a time consuming endeavor 
(Cejka & Rogers, 2005).  
 Other barriers to implementation were rated very low. Access to maker and 
design resources were identified as a minor barrier. Other studies have noted that cost and 
access to resources is a limitation to engineering implementation (Kelley & Wickline, 
2009). Student knowledge and interest in the ECS curriculum were rated on average 
between no barrier and minor barrier. In other studies, teachers have shared concerns 
about student motivation associated with new instructional approaches. For example, 
Parker and colleagues (2011) noted how Advanced Placement students preferred 
traditional lecture methods than project-based learning approaches. Studies have also 
demonstrated that students lack familiarity with engineering careers and associated 
content knowledge (Brophy et al., 2008; Carr & Diefes-Dux, 2012; LaChapelle et al., 
2008; NAE & NRC, 2009).  
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Limitations of the study  
This study included a large sample size compared to other engineering education 
studies using both quantitative and qualitative methods (Purzer et al., 2014). 
Nevertheless, participants self-selected into this study and therefore they may represent 
early adopters, which means these findings may not reflect the teaching profession and 
the general views of teachers themselves (Rogers, 1962). The analysis of frequency 
percentages in the open-ended response represents a significant limitation. There may be 
other perceptions, feelings and attitudes pertaining to using the ECS model as a 
curriculum authoring tool which were not revealed in this analysis. Therefore, we cannot 
conclude that the frequently cited items were the most important to the teachers. Further 
validation would be required such as surveying the teachers to rank the codes that 
emerged in the analysis. Another limitation is the data collection methodology. The open-
ended responses were collected through a digital survey; thus, respondents may not have 
the time nor appropriate prompting to reveal rich details about their experience in the 
professional development program (Fowler, 2009).    
 
Future Research  
The results of this study demonstrate how teachers can design high quality 
project-based engineering curricula using the ECS framework. Capobianco & Rupp 
(2013) explain how there can be significant disparities between the intended and enacted 
curriculum, and as a teacher tests and improves his or her curriculum the fidelity between 
these two states increases. Given that teachers in this study were evaluated for their 
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intended plans, it is clear that further research is required to investigate the nature of the 
enacted curricula. This requires an evaluation of the curriculum itself, teachers’ 
perceptions and practices, as well as the impact on student outcomes. Moving beyond the 
teacher and student, there is also an opportunity to evaluate the impact of the ECS 
professional development on school reform such as cohort-based teaching as well as 
school-wide adoption of project-based instruction. Further research is also needed to 
evaluate the impact of the ECS model in other professional development settings such as 
in-school PD, university K–12 outreach, online training platforms, and with other private 
professional development institutions.  
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CHAPTER 5 
Study 3: K–12 Teachers’ Experiences Implementing Explore-Create-Share Units in the 
Classroom 
 
5.1. INTRODUCTION 
Background 
New science, technology, engineering, and mathematics (STEM) education 
reforms emphasize the need for students to develop deep understanding of subject-matter 
knowledge and practices (NAE & NRC, 2009; NAP, 2006; NRC, 2012). National 
standards also focus on students learning content knowledge while actively applying it in 
disciplinary practices such as conducting scientific investigations or solving engineering 
problems (NGSS, 2013). In the Common Core Standards for Mathematics, there is a shift 
away from the “mile-wide, inch deep” approach of content coverage, with greater focus 
on learning core math concepts that are contextualized to real world problems (NGA, 
2010). Industry also stresses the need for new employees to possess expert STEM 
knowledge (Carnevale, 2011) as well as skills such as creativity, collaboration, and 
communication (IBM, 2012).    
In the pursuit of deep, real world learning educators have targeted project-based 
learning (PBL) as a curriculum reform model (Peterson, 2012). This instructional 
approach focuses on experiential, student-centered learning driven by essential questions 
or design problems that are associated with real world issues. Research on student impact 
has identified PBL as an effective model to motivate student learning, increase student 
achievement, and foster school-wide innovation (Condliffe, 2016; Thomas, 2000). In 
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spite of its benefits, researchers consistently report that teachers face implementation 
challenges with PBL. These challenges include teacher motivation and self-efficacy, 
access to resources, adjusting to new instructional practices, managing student learning, 
and aligning content to school curriculum (Condliffe, 2016; Thomas, 2000). Across 
several domains, teacher professional development is identified as an essential 
intervention to address these challenges. (Krajcik et al., 2012; Kolodner et al, 2009–2013; 
Parker et. al., 2013).   
Prior Research  
Recently educators have given more attention to project-based learning as a 
formal education model because it is associated with student engagement, deep learning, 
and authentic education (Barron & Darling-Hammond, 2008; Blumenfeld et al., 1991; 
Strobel, Wang, Weber & Dyehouse, 2013). Although there is a lack of consensus on what 
constitutes a PBL approach, there are general principles that distinguish PBL from other 
approaches. In John Thomas’ literature review (2000), he identified core principles of 
PBL: (1) driven by an essential question or problem, (2) focused on content central to the 
school curriculum, (3) constructing knowledge through active investigations, (4) 
providing students with choice and autonomy, and (5) sharing student results with 
authentic communities. Sixteen years later, Barbara Condliffe (2016) expanded on this 
literature review and added (6) sustained and deep learning experiences, (7) fostering 
student engagement and collaborative learning, as well as (8) guiding students from 
structured to open-ended learning experiences as important design principles in PBL.  
There are discipline-specific principles in PBL as well. In the inquiry-based 
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approach of PBL, students conduct scientific investigations focused on answering an 
essential question (Bybee, 2002; Krajcik et al., 1998). Unique principles associated with 
this model is students making scientific claims based on evidence and reasoning, 
generating questions, and using data and models to present scientific data (NRC, 2012). 
Another domain-specific model is design-based learning that is associated with 
engineering education (Brophy et al., 2008). In this PBL model, students focus on an 
essential problem or design challenge. Characteristics that are unique to this model are 
the incorporation of the engineering design process such as modeling, optimization and 
problem scoping (NAE & NRC, 2012). Design-based performance tasks focus on the 
creation of an engineering solution that takes form as a model such as a conceptual 
diagram, digital design, or physical product (Crismond & Adams, 2012).   
Numerous studies identify student benefits associated with project-based inquiry 
and design. For example, researchers investigating project-based inquiry have reported 
gains in scientific practices and knowledge (Holbrook et al., 2001; Marx et al., 2004), 
greater achievement in standardized tests compared to a control group (Geier et al., 
2008), alignment of content learning with Next Generation Science Standards (NGSS) 
(Harris et al., 2014), and opportunities to engage in real world learning projects (Krajcik, 
McNeil & Reisier, 2007).  Researchers in the design-based learning field have reported 
improvement in student understanding of science, technology, engineering and 
mathematics (STEM) content knowledge (Brophy et al., 2008; NAE & NRC, 2009; 
Purzer et al., 2014), increased classroom engagement (Wei & Banilower, 2010), 
opportunities to connect learning to real world situations (Faux, 2006), development of 
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21st century competencies (Barnett, 2005; Eschach, 2006), and increased interest in 
STEM college majors (Bottoms & Anthony, 2005; Rethwishch, Starobin, Laanan, & 
Haynes, 2013). In both inquiry and design PBL implementation, researchers also 
highlight how students develop intra- and inter-personal skills such as effective 
communication, collaboration, self-efficacy, motivation to learn, and effective work 
habits (Brophy et al., 2008; Condliffe, 2016; Kolodner et al., 2003; NRC & NAE, 2009; 
Thomas, 2000).  
While students can benefit from PBL, there are also significant implementation 
challenges. At the school-level, PBL approaches may not align with local and state-level 
curriculum goals such as preparing for accountability tests or covering curriculum 
standards (Grant & Hill, 2006). Access to resources, limited scheduling flexibility, and 
technology integration are barriers to school implementation (Blumenfield et al., 2000; 
Edelson et al., 1999). Students face barriers as well. Some students struggle with staying 
on task during open-ended projects (Hertzog, 2007), are frustrated or anxious with new 
teaching strategies (Parker et. al, 2011), and have difficulty collaborating with other 
students (Hung, 2011). Students can also misbehave in open-ended instructional 
environments, and this trend is more prevalent in settings where teachers who are 
inexperienced in PBL instruction (Mergendoller & Thomas, 2000). In inquiry-based 
projects, students face particular challenges including generating questions, managing 
complexity and time, transforming data, and developing arguments to support a claim 
(Krajcik et al., 2008). There are also unique challenges in design-based projects. Students 
have difficulty scoping the requirements of a project (Hsu & Cardella, 2011), scaffolding 
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the design process (Bamberger & Cahill, 2013), discerning between the aesthetic features 
of a product over functional requirements (Penner, 2000, 2001) integrating multiple 
disciplinary concepts (Crismond, 2001), and recognizing opportunities to iterate and 
optimize based on data (Brophy et al., 2008).  
Teachers also face a number of challenges. Attitudes of educators toward PBL 
implementation can be a barrier. Some teachers are not comfortable with student-centered 
instruction such as dealing with ambiguity and changing one’s role from director to 
facilitator (Grant & Hill, 2006; Ertmer & Simons, 2006). In some cases, teachers have 
low expectations of student performance in PBL activities (Ertmer, 2005) and often have 
concerns about aligning content with standardized curriculum (Grant & Hill, 2006). New 
instructional practices are another barrier for teachers. Managing classroom behavior 
(Grant & Hill, 2006), finding adequate time to plan and implement projects (Marx et al., 
1997), and assessing student work and providing adequate feedback to students (Krajcik 
& Shin, 2014) are documented challenges. Curriculum access and adaptation is another 
challenge. In many cases, teachers are provided with packaged curriculum that has 
predetermined goals, activities and assessments that may not align with the teacher’s 
classroom context (Fogelman et al., 2011). Furthermore, some teachers do not have the 
resources to access PBL materials and thus are dependent on free resources and their own 
innovations (Davis & Krajcik, 2005).  
To address these challenges researchers have identified several mechanisms that 
support PBL implementation. Reform school models are one solution. Expeditionary 
Learning Schools, High Tech High, and New Tech Schools provide evidence that when 
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school supports holistic PBL implementation, students demonstrate positive gains such as 
motivation to learn, academic achievement, and development of 21st century skills 
(Condliffe, 2016). Specific interventions that support school reform are block scheduling, 
authentic assessments, interdisciplinary collaboration among departments, dedicated lab 
and maker spaces, and strong administrative support (Thomas, 2000). Another reform 
approach is supporting teachers. In both inquiry- and design-based programs, 
professional development is frequently implemented. Often these models employ a 
curriculum adoption model in which teachers learn how to use a specific PBL curriculum 
in preparation for adoption in the classroom (Brophy et al., 2008; Condliffe, 2016; Custer 
& Daugherty, 2009; Thomas, 2000). A best practice is for the professional development 
to include educative materials. In this approach, teachers engage in the curriculum as a 
student. They simulate the activities, learn new content knowledge and skills, and prepare 
for future classroom implementation.  For example, in the It’s About Time program 
(2016), a project-based inquiry science initiative, teachers developed content knowledge 
about energy principles and processes that shape the Earth’s surface during professional 
development. In Engineering is Elementary (EiE) (2016), a design-based learning 
program, teachers learn about renewable energy principles, the water cycle, or material 
properties as they prepare to adopt EiE units in the classroom. This curriculum-led 
professional development approach is associated with improvements to teacher attitudes, 
content knowledge, and instructional practices in both inquiry (Loucks-Horsely et al., 
2010) and design-based (Purzer et al., 2014) programs.  
One area that requires further research is teachers’ professional development as 
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they author their own curriculum materials. PBL research highlights teacher-led 
initiatives as a top research priority (Condliffe, 2016; Thomas, 2000). This direction is 
based on a number of issues. One, teachers have limited access to PBL curriculum and 
associated resources (Condliffe, 2016). Two, teachers struggle with aligning externally 
developed PBL content with their classroom goals and needs (Grant & Hill, 2006; 
Fogelman et al., 2011). Three, researchers have raised concerns about controlling 
instructional innovations by supplying teachers with externally developed content that 
may be perceived as prescriptive (Achinstein & Ogawa, 2006). Four, research of 
curriculum development-based professional development has reported positive outcomes 
including positioning teachers as architects of change, providing a professional 
development mechanism to reflect on teaching practices and develop content knowledge, 
enabling teachers to develop curriculum that aligns with their professional practice, and 
providing teachers with a sense of ownership in curriculum decision-making (Ball & 
Cohen, 1996; Parke & Coble, 1997; Penuel, Fisham, Yamaguchi, & Gallagher, 2007).  
In the engineering and design-based learning field, teacher-led curriculum 
innovation is an emerging research field. Researchers at Purdue University conducted a 
year-long professional development program with grades 4–8 teachers who authored 
integrated STEM units (Guzey & Moore, 2015). Their findings indicate that teachers 
were able to design engineering units that incorporated science and mathematics concepts 
and aligned with research-based engineering design practices. Another finding was that 
teachers need more support in developing high quality units. Teachers had difficulty 
embedding assessments, fostering deep academic learning, and providing students with 
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the opportunity to communicate their design processes. In another study, researchers at 
The Science Learning Through Engineering Design (SLED) Partnership studied the 
impact of a professional development program focuses on curriculum design with grades 
five and six science teachers (Capobianco & Rupp, 2013). The outcomes of this study 
showed that teachers were able to design high quality units that aligned with science 
education standards and engineering design practices.  A selection of teachers in this 
study was also observed for implementation outcomes. From this, researchers found that 
science teachers struggled to implement an instructional experience that aligned with 
their original unit plans. In particular, teachers tended to front load their design projects 
with project planning and research activities at the cost of limiting time for other design 
processes such as modeling and optimization. Another limitation was teachers did not 
focus on key science concepts and their application within the design task. The study 
concluded that teachers need more training on embedding science in engineering 
instruction and need to prioritize their commitment to curriculum innovation (Capobianco 
& Rupp, 2013).  
This study expands on emerging engineering education research. Preliminary 
research conducted by Berry & DeRosa (2015) provided evidence that teacher-led 
curriculum innovation with the ECS model led to an increase in teacher confidence and 
teacher capacity to author curriculum units aligned to state education standards and 
engineering design principles. This study focuses on teacher perceptions of project-based 
engineering curriculum after implementing ECS units in the classroom.  
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Purpose of Study 
The purpose of this study is to analyze teachers’ experiences implementing project-
based engineering units in the classroom. The questions guiding this investigation were:  
1. What benefits did teachers attribute to project-based engineering curriculum?  
2. What challenges did teachers face when implementing project-based engineering 
curriculum?  
3. What teaching strategies did teachers recommend to address implementation 
challenges?   
 
5.2 METHODS 
Participants  
Participants of this study were teachers who attended a PTC STEM Certificate 
program between 2013 and 2015. In these two years, six cohorts were offered and a total 
of 170 teachers completed the program. Of the 170 teachers, sixty-one teachers 
responded to the request to participate in this study. Of these respondents, thirty teachers 
indicated that they did not implement their ECS projects in the classroom (49.2% of 
respondents). The top five reasons why these teachers did not implement their projects 
included a change in their professional role, scheduling constraints, resource barriers, a 
desire to modify the curriculum, and lastly some teachers used pieces of the curriculum 
but not the complete unit. Thirty-one teachers did implement their ECS projects in the 
classroom (50.8% of respondents) and are the subjects of this study. The study group was 
comprised of educators who taught K–5 (22.6%), 6–8 (48.4%) and 9–12 (32.3%) grade 
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levels, and were responsible for teaching science (22.6%), technology (38.7%), 
engineering (29.0%), mathematics (19.4%), social studies (9.7%), and English Language 
Arts (9.7%).   
Study Design   
The study design is a post-program survey that included three open-ended 
question items. The first question asked teachers to describe the value of their project 
with respect to the student and teacher experience. The second question asked teachers to 
describe the implementation challenges the teacher and student faced in implementing the 
project. The third question asked teachers to describe solutions that the teacher did or 
could implement in the future to overcome the implementation challenges.   
Data Analysis 
Open-ended questions were analyzed using the inductive analysis method 
(Thomas, 2006) and methods employed by Yoon and colleagues (2013).  First, the 
researchers independently identified themes that emerged in the data, and individually 
coded the data based on these preliminary labels. Second, they held a series of meetings 
to reach a consensus theme for each independently identified theme. Third, the 
researchers coded the data again using the consensus themes. Fourth, they discussed and 
compared the final results and reached a consensus for each coded statement. Fifth, each 
code was labeled and described. Finally, the teacher responses were calculated as 
frequencies and displayed in charts.  
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5.3 RESULTS 
Classroom Benefits  
Participants reported positive teacher and student outcomes after implementing an 
ECS unit in the classroom. Teachers highlighted student benefits more than instructional 
benefits. The three most frequently cited student benefits were learning content 
knowledge in a subject-area (77.4%); student engagement during the project (58.1%); 
and connecting classroom learning to real world topics (45.2%). Additional benefits 
highlighted by teachers included students working collaboratively (41.9%); active 
learning such as applying knowledge in design or hands-on learning (35.5%); creative 
thinking and problem solving (32.3%); learning multiple disciplines during the project 
(25.8%); and students persevering to complete the design project (16.1%).   
Teachers highlighted instructional benefits less than student benefits. The three 
most frequently cited instructional benefits were curriculum coherence such as aligning 
to standards and state testing (25.8%); student-centered instruction methods (22.6%); and 
curriculum design strategies (19.4%). The following instructional benefits were formative 
assessment strategies (12.9%); integrating technology in the classroom (12.9%); 
collaboration among teachers and other professionals (9.7%); and pride in student results 
(6.5%).  
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Figure 6. Student Learning Benefits Associated with Implementing ECS Curriculum Units in the 
Classroom  
 
Figure 7. Instructional Benefits Associated with Implementing ECS Curriculum Units in the 
Classroom 
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Table 17. Descriptions of Classroom Benefit Themes Associated with Implementing ECS 
Curriculum Units in the Classroom 
 
Benefit Theme Description 
  
Content Knowledge Teacher identified learning content knowledge as a student learning 
benefit. Sub-themes include learning concepts within science, 
mathematics, ELA, technology, engineering, and arts disciplines.    
 
Student Engagement  
 
Teacher identified student engagement as a benefit. Sub-themes 
include enjoyment, motivation, student buy-in, and engaging multiple 
learners.  
 
Real World  
Connections 
 
Teacher identified making connections between classroom learning 
and real world activities as a student benefit. Sub-themes include 
simulating real world professional roles and scenarios, exploring 
industry scenarios and use cases, and connecting with the community. 
 
Student Collaboration Teacher identified team work and collaboration as a student benefit. 
Sub-themes include working together, team work, sharing ideas, and 
creating designs together.  
 
Active Learning  
 
 
Teacher identified active learning as a student benefit. Sub-themes 
include students engaging in hands-on learning, applied learning, 
inquiry, and design.   
 
Creative Thinking  
 
Teacher identified creative thinking as a student benefit. Sub-themes 
include creativity, creative problem solving, and design thinking. 
 
Interdisciplinary  
Learning 
  
Teacher identified the integration of multiple subject areas as a student 
benefit. Sub-themes include learning multiple disciplines, integration 
and teaching two subjects in tandem or together.  
 
Curriculum Coherence  
 
Teacher identified students learning concepts and skills aligned with 
school and state curriculum goals as a benefit. Sub-themes include 
teaching grade-appropriate content knowledge, aligning to state 
standards, and enabling students to succeed on state assessments.  
 
Student Centered 
Instruction  
Teacher identified student centered learning as a student benefit. Sub-
themes include teacher as a facilitator, enabling student autonomy, 
providing student choice, and enabling students to take a lead in their 
learning.  
 
Curriculum Design  
 
Teacher identified effective curriculum design strategies as a benefit. 
Sub-themes include curriculum structure, scaffolding, planning, and 
pacing.  
 
Student Perseverance 
 
Teacher identified student perseverance as a student benefit. Sub-
themes include openness to failure, design iteration, commitment to 
creating a working solution.  
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Formative Assessment Teacher identified formative assessment strategies as a benefit. Sub-
themes include reverting questions back onto the student, checking in 
progress, and addressing student knowledge gaps in a timely and 
efficient manner.  
 
Technology Integration 
 
Teacher identified students integrating technology in their learning as 
a benefit. Sub-themes include documentation, presentation, 
productivity, and design tools.  
 
Professional 
Collaboration 
 
Teacher identified collaborative teaching with stakeholders in or out 
of the school as a benefit. Sub-themes include collaborative 
curriculum design, sharing resources, and working with stakeholders 
in the community.  
 
Pride in Student Work 
 
Teacher identified a sense of pride in his or her student learning as a 
benefit. Sub-themes include pride in students’ designs, learning 
outcomes, and student collaboration.  
  
 
Classroom Challenges 
Participants reported several challenges associated with teaching and learning 
PBL engineering in the classroom (Figure 8; Table 18). The most frequently cited 
challenges were limited time for instructional planning and implementation (71.0%); 
access to resources such as materials, technology, and classroom space (41.9%); and 
curriculum coherence such as aligning content to state standards and assessments 
(29.0%).  Additional challenges were student competency levels (25.8%); integrating 
technology associated with designing and fabricating prototypes (19.4%); teachers 
struggling with instructional practices required in PBL implementation such as 
differentiated learning and open-ended inquiry (19.4%); and students collaborating with 
one another (19.4%). The remaining challenges were engaging and sustaining student 
motivation (16.1%); teacher readiness (12.9%); support from administration (9.7%); and 
lastly student comfort with autonomy (6.5%).  
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Figure 8. Classroom Challenges When Implementing ECS Curriculum Units 
 
 
 
Table 18. Descriptions of Classroom Challenges Associated with Implementing ECS 
Curriculum Units in the Classroom.  
 
Challenge Theme Description 
 
Instructional time  
 
 
Teacher identified time for instructional planning and implementation 
as a challenge. Sub-themes include scheduling alignment, class 
preparation time, time to teach lesson objectives, and time for students 
to collaborate with one another and community members.  
 
Resources  
 
Teachers identified resources limitations or barriers as a challenge. 
Sub-themes include access to materials, technology, funding, and 
barriers associated with classroom space.  
 
Curriculum Coherence 
 
Teacher identified aligning content with standards-based education as 
a challenge. Sub-themes include curriculum standards, state tests, and 
school curriculum policy.  
 
Student Competency  
 
Teacher identified student competency levels as a challenge. Sub-
themes include student knowledge of disciplinary topics, making 
prototypes, research, technology use, and trouble-shooting solutions.  
 
Technology Integration 
 
Teacher identified integration of technology associated with designing 
and making products as a challenge. Sub-themes include software and 
machining equipment.   
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Instructional Practices 
 
Teacher identified instructional practices associated with 
implementation as a challenge. 
 
Collaborative Learning 
 
Teacher identified collaborative learning as a challenge. Sub-themes 
include students working with one another as well as collaborating 
with stakeholders in the community. 
 
Student Motivation 
 
Teacher identified student motivation as a challenge. Sub-themes 
include sustaining interest over long project periods and buy-in with 
PBL activities. 
 
Teacher Readiness 
 
Teacher identified his or her readiness to implement the project as a 
challenge. Sub-themes include content knowledge, confidence, and 
use of technologies. 
 
Administrative Support  
 
Teacher identified lack of administrative support as a challenge, in 
particular buy-in. 
 
Student Autonomy  
 
Teacher identified student comfort with autonomy in PBL instruction 
as a challenge. 
 
 
 
Classroom Solutions 
Participants identified a number of solutions to address implementation 
challenges associated with project-based engineering activities.  The three most 
frequently cited solutions were changes to the curriculum timetable (45.2%); scaffolding 
the design process (35.5%); and implementing student-centered instruction strategies 
(32.3%).  In the following order were managing resources such as classroom space and 
budgets (29.0%); integrating technology (22.6%); modifying curriculum materials 
(22.6%); and collaborating with stakeholders in the school community (22.6%). The 
remaining solutions were managing student behavior (19.4%); prioritizing PBL (16.1%); 
and seeking professional development (3.2%). Two teachers in the study did not identify 
implementation solutions (6.5%). 
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Figure 9: Solutions to Classroom Challenges Associated with Implementing ECS 
Curriculum Units in the Classroom 
 
 
Table 19. Descriptions of Solutions Themes for Overcoming Classroom Challenges in 
Implementing ECS Units in the Classroom   
 
Solution Theme Description 
 
Timetable 
Changes 
 
 
Teacher identified modifications to the timetable as a solution. Sub-themes 
include block scheduling, increasing or decreasing time spent on lesson 
components, as well as adjusting schedules for holidays, collaborative 
teaching, and community engagement.  
 
Design 
Scaffolding 
Teacher identified scaffolding design process as a solution. Sub-themes 
include: preparing materials before teaching, limiting steps of the design 
process, providing design check-ins, and providing pre-built components that 
were modified by students.   
 
Student Centered 
Instruction 
 
Teacher identified student-centered instruction as a solution. Sub-themes 
include: curriculum differentiation, emphasizing student collaboration, 
student-led design, and student choice   
    
Resource 
Management  
Teacher identified resource management as a solution. Sub-themes included: 
managing classroom space, accessing resources, and raising money through 
grants.  
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Technology 
Integration 
Teacher identified integration of technology in the classroom as a solution. 
Sub-themes include: design/maker, presentation, assessment, research, and 
collaboration technologies.  
 
Curriculum 
Material 
Changes 
  
Teacher identified changed to curriculum materials as a solution. Sub-themes 
include: update lessons, add new exercises and lectures, and assessments.  
 
School 
Collaboration 
 
Teacher identified collaboration with community stakeholders as a solution. 
Sub-themes include teacher collaboration, community member engagement, 
and field trips.   
 
Student 
Management  
 
Teacher identified student management as a solution. Sub-themes include: 
keeping students on task, classroom management, and check-ins.  
 
PBL 
Prioritization 
 
Teacher identified prioritization of project-based learning as a solution. Sub-
themes include: aligning with standardized curriculum, emphasizing the 
important of PBL 
 
Professional 
Development  
Teacher identified professional development as a solution. Sub-themes 
include technology training and improving skills over time.  
  
 
 
5.4 DISCUSSION  
The purpose of this study was to analyze teachers’ perceptions of classroom 
benefits, challenges, and solutions associated with implementing Explore-Create-Share 
units in the classroom. The results demonstrate that teachers had positive reactions 
despite implementation challenges associated with culture, commitment, and capacity 
issues. In response to these challenges, teachers provided several solutions that center on 
a growth mindset, curriculum and teaching improvements, and resource savviness.  
Benefits: Students as Designers, Teachers as Facilitators  
In industry, design thinking is a way to approach a problem. The designer gathers 
information and inspiration from diverse sources, coordinates with multiple stakeholders, 
and generates solutions with an iterative, creative problem-solving process (Cross, 2008).  
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In this study, teachers consistently characterized their students’ learning benefits with 
these design thinking themes. In particular, teachers highlighted how students were 
highly engaged in solving design problems that were situated in a real world context and 
required the application of interdisciplinary content knowledge and skills. In this context, 
teachers emerged as facilitators. Student-centered instruction and curriculum scaffolding 
were central to this teaching approach.     
Students learning content knowledge was the most frequently cited benefit. 
Teachers emphasized students learning engineering and science competencies, and some 
teachers cited visual arts, literacy, and social studies learning outcomes. Teachers 
consistently situated student learning within the context of product design. For instance, 
one teacher described student learning as a collaborative enterprise of making multiple 
prototypes:   
Students had to work as a team and with the rules that every team needed to 
make 3 prototypes and at least one thing had to change on their invention, all 
students were able to put their ideas into action. Students made quality 
observations, cooperated with peers and gained subject matter knowledge. 
 
 
This result aligns with national reports (NAE & NRC, 2009) and research studies 
(Brophy et al., 2008; Purzer et al., 2014) that identify the engineering design process as 
an effective vehicle to teach STEM concepts. In other PBL studies, teaching content 
knowledge has been identified as a challenge (Condliffe, 2016; Thomas, 2000). For 
example, Rosenfeld and colleagues (1998) identified how teachers struggled to 
implement disciplinary concepts because they were overwhelmed by the cognitive 
demands of implementing new PBL practices. As a result, teachers implemented 
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instruction that lacked academic rigor and focused more on skills development.  
Collectively, teachers in this study did not identify content knowledge and skill 
development as exclusive outcomes. At the individual level there were some differences. 
Some teachers emphasized content, others commented on skills, and in many cases 
teachers highlighted both outcomes. 
This unit provided a hands-on, engaging way to teach science content, specifically 
standards related to engineering design process and the concept of forces, and to 
show students the real-world application of math and science skills. Also gave 
students a chance to practice 21st-century skills like collaboration, creativity and 
communication. 
 
 
In the skills domain, teachers highlighted 21st century skills espoused by the Partnership 
for 21st Century network (P21, 2016). For example, students working as a “team” or 
“team work” appeared frequently in the responses, and teachers stated how pleased they 
were that students worked together to solve problems, troubleshoot, and exhibit 
perseverance in the face of failure.   
They had to work as a team to overcome many obstacles, follow the EDP 
and learn that it is OK to back up on the process and OK to mess up (not 
fail).  They surprised themselves with how they worked through problems 
and what they ultimately designed and built. 
 
 
The benefit of students wrestling with failure in engineering appears in other studies 
(Purzer et al., 2014). For instance, elementary students reported high engagement when 
improving products based on failure tests (Cunningham & Lachapelle, 2014). Reactions 
to the term failure can be more restrained among educators. A study on teacher 
perceptions revealed how teachers have reservations around failure, especially as it is a 
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loaded topic associated with failing on tests and being labeled a failure, and tend to prefer 
terms such as perseverance and resilience (Lottero-Perdue & Parry, 2014).   
Creativity also emerged as a benefit of engaging in the design process. In some 
cases, creativity was described as a functional pursuit in which students applied creative 
thinking to solve a problem. In other cases, students exhibited a creative aesthetic such as 
designing marketing flyers for their design solution. This outcome reflects industry 
pursuits where engineers engage in creative problem solving, and creatives (artists, 
designers, writers) contribute to product development by creating artifacts such as 
product briefs, advertisements, or brand guides (Mann, 2014).  
In addition to learning content knowledge and skills, teachers consistently 
commented on the overall experience, which was highlighted as an engaging, active, and 
real world experience. In particular, teachers shared how students had “fun”, were 
“highly engaged” or “very motivated”. This often was associated with an active learning 
state, where students led the creation of their own solution:  
This project was very exciting to the students. Each member gravitated toward 
different facets of the assignment. Because each student was in charge of a 
specific aspect of the challenge, they took their roles seriously and strived to 
create a really great product 
 
 
This result supports other studies that identify design-based learning as an effective 
model to engage students (Cunningham & Lachappelle, 2014) and apply conceptual 
understandings in hands-on activities (Brophy et al., 2008). Teachers also identified real 
world learning as a benefit. Students had the opportunity to either simulate professional 
roles such as the designer, artist, or marketer; or in a few cases actually work with local 
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businesses to conceptualize products or get feedback from community stakeholders. For 
example, one class worked with the local ice cream shop to design new ice cream flavors, 
and the best solution was made and sold in the shop. In some cases, teachers highlighted 
how this real world context was perceived as an engaging experience that enriched 
academic learning:     
The value of the explore, create, share process in the classroom allows 
students to maintain a focus on curriculum concepts, how they apply to 
industry, and what is happening now.  
 
 
Research on implementing authentic learning is an emerging field in engineering 
education (Strobel et al., 2013). The design process itself is characterized as a real world 
practice that is targeted in national education standards (NRC, 2012). There are cases in 
which engineering programs focus student learning on real world scenarios (Boston 
Museum of Science, 2016). On the other hand, engaging students with actual users in a 
community, conducting investigations outside of the classroom, and developing real 
products is less documented in engineering education research (Purzer et al., 2014). In the 
PBL field, there is some evidence on how school-based reform can create a culture of 
community engagement in inquiry and design (Condliffe, 2016), and during 
extracurricular enrichment programs there are cases in which students connect 
engineering practices with authentic communities such as robotics competitions (Welch 
& Hoffman, 2014).  
In addition to identifying student benefits associated with implementing ECS 
units, teachers also identified benefits that revolved around teachers as facilitators. The 
most frequently cited benefit was student-centered instruction. This approach emphasized 
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the enablement and support of students who lead the project learning experience. One 
teacher made this philosophy visible by writing LUMT on the white board, which stood 
for “Less us, More them”. This method was also contrasted with didactic teaching:   
The value of the activity as the teacher was I was able to allow the students to 
use their imagination, be creative, and be the facilitator, as opposed to direct 
teaching. 
 
I learned to stay out of the way, which has been a goal of mine.  I am too 
quick to give a solution to help move a project along to save time, but it 
comes at the expense of real learning.  This project, especially the first time 
when I did not know where it might go, was designed to let them go in their 
own direction and I learned to deflect questions back to them. 
 
In other PBL literature, teachers and students have struggled with student autonomy 
(Condliffe, 2016; Thomas, 2000). For instance, teachers can struggle with managing 
project ambiguity or enacting a facilitator role (Kolodner et al., 2003; Ladewski, 
Krajcik, & Harvey, 1991), and students can have difficulty with open-ended inquiry 
(Krajcik et al., 1998) and new forms of instruction that veer away from traditional 
lecture and testing models (Parker et al., 2011). These challenges are further 
supported by Gerald Grow’s (1996) research on the Self Directed Learning Model. In 
this model students are characterized into four stages (self-directed, involved learner, 
interested learner, and dependent learner) and the effectiveness of the teacher is 
highest when the teaching approach matches the learning stage of the student. For 
example, students who are self-directed match well with delegators but dependent 
learners have severe mismatches with this delegator teaching approach. In this study, 
teachers characterized themselves as facilitators, which in Grow’s model aligns with 
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“Interested Learners” who are motivated to learn and play an active role in the 
direction of a project. This student and teacher match aligns with the ECS model. As 
students engage in the engineering design process they explore information relevant 
to their design challenge, develop models based on their creative ideas, and improve 
the solution based on their analysis of test data. In this student-led approach, the 
teacher provides instructional support by providing feedback, creating guidelines for 
success, and integrating formal instruction such as lectures to address knowledge 
gaps.   
A key component that enabled teachers to be facilitators was curriculum 
scaffolding. In PBL, scaffolding is considered a core principle (Condliffe, 2016, 
Thomas 2000). Several studies have demonstrated how scaffolding facilitates student 
engagement and learning in design (Bamberger & Cahill, 2013) and inquiry (Land & 
Zembal-Saul, 2003). Specific factors that facilitate scaffolding in project-based 
learning include technology integration, modeling cognitive approaches, coaching 
and classroom management, and fading support mechanisms (Hmelo-Silver, Duncan, 
& Chinn, 2007; Puntambekar & Hubscher, 2005; Reiser, 2004). In this study, the 
ECS framework structure was identified as a useful tool to pace student learning, 
sequence the steps of the design process, and gradually increase content rigor:  
By planning the activities in the manner I did, students were able to 
comprehend at each stage, and then build on that knowledge to inform their 
next steps, which included their own creativity.  Breaking down the lessons in 
the way I did also allowed for me to see where misconceptions or 
misunderstandings were, and address them in a timely manner. 
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Furthermore, teachers commented on how the ECS model provided a scaffolding 
model to differentiate instruction. For example, one teacher said her students were 
engaged in the project because they focused on a specific facet of the project that was 
embodied in the industry roles. A few teachers also commented on how the 
curriculum model effectively embedded formative assessment points such as design 
check-ins that allowed them to consistently measure each students learning progress.  
The 'Check-in' process at the end of each phase aided in tracking student 
achievement and identifying students who were struggling so the teacher 
could intervene before they fell too far behind. 
 
 
Challenges: Capacity, Commitment and Culture   
In this study, curriculum implementation challenges were organized into three 
themes. One theme is capacity challenges, which included instructional time, resource 
and technology barriers, as well as student and teacher competencies. The second 
challenge was associated with classroom culture, in particular students struggling with 
autonomy and collaboration. The third challenge was commitment, which includes 
student engagement and community support.   
Capacity barriers emerged as the largest challenge category in the study. More 
than 75% of teachers identified time barriers, making it the most frequently cited barrier 
to implementation. This study builds on prior research (Cejka & Rogers, 2005, Condliffe, 
2016, Thomas, 2000; Kelley & Wicklein, 2009) by identifying specific time barriers that 
thwart implementation. Specific time constraints included scheduling conflicts, duration 
of class meetings, and content coverage demands. Scheduling conflicts included 
interruptions from holidays and canceled school days (e.g. a snow day). Some teachers 
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indicated that they were constrained by how often they met their students (e.g. meeting 
students a few time of week or every other week), and others commented on how the 
block of time dedicated to one class period limited how deeply they were able to engage 
in a project topic:   
Because S.T.E.M. classes were scheduled only once a week with me and once 
a week with their Science teacher, it was difficult to keep the momentum 
going and complete the project in a timely fashion.   
 
 
Another issue associated with time management was content coverage. Consistently 
teachers commented on how they had to cover a collection of topics over the school year 
and thus PBL units requiring extended time were difficult to implement. Teachers also 
mentioned that demands from state accountability measures de-prioritized their PBL units 
and as a result teachers eliminated or accelerated their unit to move onto content 
associated with state testing.  
We all have a curriculum that we must cover for the big tests and the valuable 
skills that students take away from projects is not on the test.  The students are 
also very busy with many activities and the projects have to be fit into their 
lives outside of school.  There is not enough time in the school day to 
complete this large of a project.   
 
 
These time barriers reveal how teachers were challenged to engage students in sustained 
projects.  Marx and colleagues (1997) commented on this issue stating that PBL projects 
often take longer than intended, and as a result the enacted curriculum has to be modified 
to accommodate other teaching pressures.   
Another capacity challenge was resource barriers. Thirteen teachers identified 
resource barriers such as access to materials, adequate classroom space, and maintaining 
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supplies as implementation challenges. The most frequently cited resource barrier was 
access to design and build materials such as kits and equipment. Adequate space to store 
and carry out design activities with the students also appeared frequently in the narrative.  
Finding materials is also a challenge.  While I do ask kids to bring in 
materials, I found myself doing a lot of shopping. Storage of unused materials 
and students’ work is another major issue for me and the tiny classroom I 
teach in.  
 
 
Teachers also commented on the challenges of managing classroom space. In particular, 
finding a place to store materials as well as creating a space that was a dedicated area 
where students had the freedom to build and test their solutions. These findings are 
similar to Kelley & Wicklein’s study (2009) that identified access to materials as barriers 
to engineering implementation; specifically, teachers perceived access to textbooks, 
laboratory equipment, and maker spaces as high level barriers to implementation.  
Associated with resources was the capacity to integrate technology during the 
project. At least two teachers mentioned that they lacked sufficient training in design 
software and in one case a teacher had to remove a module from their unit because the 
coding application they planned to use didn’t work. In addition, a few teachers struggled 
with supporting student use of technology. For example, one teacher had to manage most 
of the trouble shooting problems her student faced:  
Trouble-shooting skills to find bad components and take appropriate actions to 
remedy the problem. Unfortunately, almost all of the trouble-shooting and 
finding solutions fell onto my plate. 
 
 
The other challenge themes in this study were commitment and culture. These 
barriers were much less frequent than the capacity barriers (See Table X). The most 
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frequently cited commitment challenge was associated with student motivation and 
interest. Five teachers in the study shared how their students were disinterested in the 
project topic, and struggled to sustain interest over longer periods of time. This 
perception contrasts with other teachers in the study who identified student motivation as 
a benefit. The notion that there are different elements of engineering that are engaging to 
students has been a topic of study previously.  For example, boys tend to prefer 
engineering projects that are situated in a competition or focus on robotics and 
mechanical solutions, whereas girls prefer engineering challenges centered on helping 
people and environmental issues (Cunningham & LaChappelle, 2014). In general, studies 
on student motivation have noted a greater propensity for students to be engaged by 
hands-on activities, authentic design challenges, weaving story and design, providing role 
models associated with the topic, and open-ended projects (Brophy et al., 2008; 
Cunningham & LaChappelle, 2014). What is clear is that there tends to be overall interest 
in project-based activities but sometimes the activities are not interesting to some 
students. This could be attributed to a number of factors such as student backgrounds, 
teaching ability, curriculum context, and school culture, for example (Condliffe, 2016; 
Thomas, 2000).  
The remaining theme organizing implementation challenges was culture. 
According to Condliffe’s literature review on PBL (2016), administrative support, 
school-wide adoption of reform practices, and student-centered instruction are factors 
that contribute to successful PBL implementation. Thomas (2000) stated that PBL 
implementation is strongest when the school employs common practice and policies. 
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Unlike these findings, teachers in this study focused on cultural aspects associated with 
the classroom. In particular, creating a classroom culture of collaboration was identified 
as challenge. For example, teachers commented on how students wanted to work with 
particular peers, had difficulty coming to a consensus on design ideas, and struggled with 
integrating each other’s unique parts into the group requirements:  
For the students the greatest challenge they faced was not getting answers 
from me and having to work it out on their own.  If I had given them 
suggestion or assistance I would have arms that looked the same and operated 
the same way, instead I saw 5–6 different ways of picking up the spheres. 
 
 
A couple of teachers also commented on how students struggled with the open-ended 
nature of design projects. One teacher commented that some students were 
uncomfortable with the freedom they had to create in the classroom, and another 
teacher shared how it was difficult for students to rely upon themselves to find 
answers to their questions and problems instead of depending on the teacher.  These 
findings reveal another instance where some outcomes in this study were identified as 
challenges and in other cases teachers had an opposite experience in which the topic 
was identified as benefit. For example, teachers frequently commented on the benefit 
of student-centered instruction because it provided students with the freedom to 
create in the classroom. This highlights once again that project-based learning is 
largely a positive experience but there are occasions when students do not react 
positively, indicating the need to get a more nuanced understanding of how student, 
teacher, curriculum, and school contexts influence the individual learning experience.  
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Solutions: Teaching Optimization, Resource Savviness, and a Growth Mindset 
Teachers in this study presented a number of solutions to address implementation 
challenges. These solutions were organized into three themes: (1) optimizing teaching 
practice, (2) resource savviness, and (3) a growth mind set. In engineering education 
implementation, research has focused on solutions for preparing teachers (Custer & 
Daugherty, 2009; Reimers, Farmer, & Klein-Gardner, 2015), principles for teaching and 
learning (Crismond & Adams, 2012; Moore et al., 2014, NGSS Lead States, 2013), as 
well as programs and resources that are available for teachers to enact in their classrooms 
(NAE & NRC, 2009). This study expands on this research by providing teacher-initiated 
solutions that address classroom implementation barriers in engineering education.  
Solutions falling under the optimizing teaching theme appeared the most in the 
narrative. They included modifying curriculum, adjusting schedules, scaffolding design 
procedures, and student management methods. Consistently teaching optimizations were 
presented as a solution to time barriers as well as a method to improve student learning 
and classroom management. Listed below are strategies that are categorized as teaching 
optimizations:  
 Scheduling changes: Organizing classes into block schedules was identified as a 
solution that would enable students to dig deeper into content. Other scheduling 
solutions included collaborating with teachers on a common project whereby 
students could focus on certain aspects of the project based on the context of the 
individual class. Another solution was being sensitive to holiday interruptions, and 
accounting for school cancellation and state testing days.  
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 Curriculum modifications: Removing entire lessons, highlighting certain activities 
more than others, or changing the delivery model were cited by teachers. Teachers 
emphasized reducing the scope of the Explore phase since many teachers felt like 
the research phase took longer than expected. In addition, teachers intended to 
reduce the number of industry role assignments since they had limited time to 
prepare and implement the performance tasks.  
 Instructional scaffolding: Preparing materials before class started, providing 
documentation to aid research and design, and providing evaluation templates were 
identified as methods to manage time constraints. Teachers also identified materials 
check-lists, guiding questions, and dedicated design space as methods to scaffold 
student learning. Several teachers also recommended formal design check-ins at 
certain intervals such as the Explore and Create Review step to ensure that students 
were learning concepts and when necessary provide corrective feedback.  
 Technology integration: Utilizing digital workflow tools, particularly Google Docs, 
was identified as a method to manage project documentation needs and 
collaboration among peers. Short concept videos were also highlighted as a 
resource to assist student cognitive development. For example, teachers shared how 
they used videos to teach specific writing concepts, the definition of biomimicry, as 
well as expose students to weather conditions on Mars.   
 Student management techniques: Setting specific learning expectations, challenging 
students more frequently, and encouraging students to work together by monitoring 
and prompting them more consistently were identified as student management 
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solutions.  Teachers also provided methods to increase student engagement. A 
common solution was providing students with opportunities to make choices on 
design activities such as picking technology and materials, industry roles 
assignments, or working independently on one part of a project so that students get 
a sense of ownership before the group merges their results into one portfolio.  
Teachers also provided solutions to resources limitations. These strategies focused on 
managing design space and access to materials.  Listed below are strategies organized in 
the resource savvy theme:  
 Maker spaces: Leveraging alternative spaces such as the library as well creating 
permanent design stations in the classroom were identified as resource capacity 
solutions.  
 Resource sharing: Delegating material collection to students, engaging with the 
school community to collect grant funding, and taking a long term view of resource 
collection to build up the classroom infrastructure and materials year over year were 
identified as resource management strategies.  
The other solutions strategy was embracing a growth mindset. This perspective was 
presented as a means to tackle capacity and commitment barriers:  
 Prioritize PBL: Engaging with the school board to enact school reform, 
emphasizing the incorporation of one’s subject-matter in PBL, and investing more 
time to align content with the engineering design process were identified as growth 
mindset solutions.  
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 Student centered instruction: Challenging oneself to think differently about the role 
of the student was consistently cited in the narrative. For example, a teacher wrote 
LUMT (“Less Us, More Them”) on his clipboard, computer and white board to 
remind himself of this teaching goal.   
 Professional development: Learning new technologies such as design and coding 
tools, improving one’s disciplinary content knowledge such as biomimicry or 
electronics, seeking out professional development from experts, and taking a view 
that teaching and curriculum can improve over time were professional development 
solutions.    
The benefits, challenges and solutions presented in this study reveal how engineering 
education requires explicit and ongoing improvements by teachers. This reform-oriented 
mindset is reminiscent of engineering design itself. In product development, technology 
solutions undergo a series of iterations and improvements based on testing, feedback and 
market reactions. Likewise, curriculum developed by teachers requires an iterative 
process of design, testing and optimizations based on student reactions and outcomes as 
well as feedback from peers and individual teacher reflection. This teaching experience 
highlights the need to have instructional supports and a culture that empowers teachers to 
have the time and resources to evolve their teaching practice and associated curriculum 
portfolio.  
Limitations of Study  
This study included a large sample size compared to other engineering education 
studies using both quantitative and qualitative methods (Purzer et al., 2014). 
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Nevertheless, participants self-selected into this study and therefore they may represent 
early adopters, which means these findings may not reflect the teaching profession and 
the general views of teachers themselves (Rogers, 1962). The analysis of frequency 
percentages in the open-ended response represents a significant limitation. There may be 
other perceptions, feelings and attitudes pertaining to implementing ECS units in the 
classroom that were not collected with the research method. Therefore, we cannot 
conclude that the frequently cited items were the most important to the teachers. Further 
validation would be required such as surveying the teachers to rank the codes that 
emerged in the analysis. Another limitation is the data collection methodology. The open-
ended responses were collected through a digital survey; thus, respondents may not have 
the time nor appropriate prompting to reveal rich details about their experience in the 
professional development program (Fowler, 2009).    
Future Research 
 This study focused on the views of teachers and in particular the quality of the 
student learning experience and associated instruction. Further research is needed to 
identify other factors that influence project-based engineering. For example, what is the 
impact of project-based learning on school culture and in particular the school staff, 
administration and community. Additional research is also required to analyze how ECS 
units impact student outcomes. Based on teacher perceptions in this study, we have 
preliminary evidence that indicates favorable outcomes for student engagement and 
achievement. There are also specific student experiences that are not well understood. For 
example, student autonomy in engineering education is a ripe topic for investigation that 
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could reveal student dispositions, classroom settings, teaching practices, or school 
policies that could enable students to be leaders in their education and design innovation. 
Lastly, further research is required to see how other teachers who are not early adopters 
react and utilize the ECS model in their classroom. The results of this study indicate that 
the model is suitable for teacher across many grade levels and subject-areas, but it is a 
suitable model for teachers who are less willing or prepared to teach engineering?  
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CHAPTER 6 
Dissertation Conclusion 
 
6.1 SUMMARY OF RESULTS   
 The purpose of this dissertation was to evaluate the effectiveness of a CDB 
professional development program that used the ECS instructional model. The first study 
focused on the impact of a CDB professional development program on teacher outcomes 
and the research question was, “What effect did the CDB professional development 
program have on teachers’ knowledge, attitudes and behaviors?” The second study 
focused on teachers’ experiences designing curricula using the ECS framework, and the 
two research questions were “What were teachers’ perceptions of the ECS model as a 
curriculum authoring tool?” and “What was the quality of the curriculum they 
produced?”. The third study focused on teachers’ implementation of ECS units in the 
classroom and the research question was, “What were the benefits, challenges, and 
solutions teachers associated with implementing ECS units in the classroom?” 
Based on the results, there are several findings that can be attributed to teachers’ 
experiences with CDB professional development and the ECS instructional model. First, 
teachers increased their capacity to integrate engineering education in the classroom 
through a CDB professional development model.  In particular, teachers increased their 
self-efficacy in developing engineering curricula, increased their knowledge of 
engineering concepts and practices, developed engineering curricula that scored between 
beginner and intermediate ratings in engineering design practices, and implemented 
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curricula that engaged students and addressed content in STEM disciplines and 21st 
century skills.  
Second, the ECS framework benefited teachers’ instructional design practices. 
Teachers from multiple disciplines and grade levels were able to use the ECS framework 
to develop project-based engineering units. The model was useful in preparing teachers to 
implement the units they designed in the professional development program, and teachers 
commented on how they were then prepared to use this approach to modify existing 
curricula. Teachers commented on the affordance the ECS model brings in scaffolding 
the engineering design process and integrating real world industry practices. Lastly, 
teachers highlighted how this model aligned with their teaching needs, in particular 
engaging students and teaching concepts in their subject-matter expertise.  
Third, preliminary results indicate that the ECS model can benefit student 
learning. Teachers identified how students were engaged in active, hands-on learning that 
included opportunities to develop STEM and other disciplinary knowledge. Teachers also 
highlighted how students had the opportunity to develop 21st century skills that focused 
on creative problem solving and real world scenarios.  
 Fourth, there are several challenges teachers encounter during the development 
and implementation of ECS curriculum. Overall, time was primary challenge. Having 
enough time to develop a complete unit, accommodating time issues related to 
scheduling, addressing content coverage demands, and diving deep into content were all 
frequently highlighted by teachers as barriers.  Another challenge teachers raised was the 
alignment of the curricula with the content coverage demands set forth in district 
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curriculum plans and state assessments.  
Fifth, teachers can identify solutions to overcome classroom implementation 
barriers. Teachers highlighted methods to optimize their teaching practice by adjusting 
scheduling needs, modifying their curriculum units, incorporating supports to scaffold 
student design practices, and managing student behavior in the classroom. Teachers also 
addressed the need to identify solutions for acquiring and storing materials as well as 
effectively utilizing space in the classroom and in some cases using other classrooms or 
public spaces to conduct design projects such as the library. Lastly, teachers presented 
several solutions that addressed a growth mindset. This included having an attitude that 
prioritized project-based instruction, incorporating student-centered instruction methods 
and seeking out professional development.  
The following sections provide reflections that are grounded in this research. The 
Frameworks in Education section describes the value of frameworks and provides some 
insight on how new approaches to instructional design and learning can benefit from this 
framework-driven instructional design. The Teachers as Curriculum Innovators section 
reviews the benefits, challenges, and solutions associated with CDB professional 
development and describes a new strategy for empowering teachers to be agile educators. 
The final section addresses a list of recommendations for other professional development 
stakeholders that is relevant to professional development programs that incorporate 
curriculum development training.   
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6.2 FRAMEWORKS IN EDUCATION 
The benefits of frameworks for instructional design and classroom teaching 
represent a major finding in this study. The rationale for using frameworks is based on 
research regarding how people learn and develop expertise. Frameworks provide a 
conceptual structure to view the world, analyze how things work, and ultimately guide 
decision-making (Bransford et al., 2000). In studies on expertise, frameworks 
differentiate novices from advanced learners, and specialization in a field includes a 
process of building a bank of mental frameworks that help people work more effectively 
(Ericsson & Pool, 2016). Teaching frameworks from various disciplines is important 
educational aim because frameworks help students understand the world and provide 
knowledge that is transferable to future college and career experiences (Bransford et. al., 
2000).   
Teachers employed a framework methodology by identifying core concepts for 
students to learn. In the professional development program, these content frameworks 
were called guiding principles, which were defined by two parameters: (1) they identify a 
relationship between elements in a situation or system, and (2) they are transferable to 
multiple systems or situations. For instance, photosynthesis is a framework in biology 
that describes how elements such as carbon dioxide, the sun and water interact to produce 
sugars, and it is transferable to photosynthetic organisms such as a tree or rose bush. The 
intent is for teachers to target guiding principles that equip students with appropriate 
knowledge and skills in order to complete a design task. In this study, teachers frequently 
selected scientific guiding principles such as Newton’s Laws of Motion and to a lesser 
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degree guiding principles from visual arts, social studies, and psychology. In some cases, 
guiding principles were directly drawn from educational standards such as disciplinary 
ideas in the Next Generation Science Standards (NGSS Lead States, 2013).  
Teachers highlighted several benefits associated with using guiding principles: (1) 
designing PBL units that integrate STEM subject matter in the engineering design 
process, (2) focusing student learning on essential learning outcomes, and (3) guiding 
assessment. Other studies have shown that teachers struggle with designing PBL 
curricula that provides both meaningful learning experiences and teaches students core 
concepts (Condliffe 2016; Capobianco & Rupp, 2014; Guzey & Moore, 2015). In this 
study, teachers addressed this challenge by explicitly targeting guiding principles that 
would facilitate student-led engineering design. For example, a middle school science 
teacher designed an ECS unit in which photosynthesis was the guiding principle. The 
design challenge was to create a storage device that protected a magical plant that could 
cure diseases. Within the given scenario, the plant would be transported from the island 
where it was discovered to the mainland using ocean currents, and one requirement of the 
design was that it needed to keep the plant alive. In order to design this seaworthy 
container, students had to consider the essential needs of a plant and how to 
accommodate them in the design. The guiding principle of photosynthesis informed their 
considerations by highlighting plant needs such as air, sun, and water.  
Another framework that teachers employed was the ECS framework. This 
framework provides an instructional model to design student learning activities and 
associated instruction. Additionally, it provides a structure to facilitate student-led 
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engineering design. The principles that informed the design of the ECS framework were 
learning with understanding, design scaffolding, interdisciplinary learning, and authentic 
learning. Based on the results of this study, teachers were more likely to address the first 
three principles. Teachers developed project-based engineering units that targeted core 
disciplinary ideas and taught content from multiple disciplines. Additionally, teachers 
designed units that scaffolded the student design process by providing a simplified model 
to conduct engineering design, explicit steps to carry out engineering practices, and 
checkpoints to monitor student progress.  
On the other hand, teachers in this study struggled with designing student 
experiences that were authentic. Teachers intended for students to simulate industry roles 
and engage in practices that are fundamental to engineering such as research, modeling 
and optimization (NAE & NRC, 2009). This situated learning provides a medium for 
students to apply content knowledge and skills in authentic tasks (Krajcik & Shin, 2014). 
Nonetheless, there was little opportunity to engage with authentic stakeholders in the 
design process who could provide expert guidance. In product design, user feedback is a 
critical component (Cross, 2008) and there are benefits associated with students engaging 
with people outside of the classroom. For example, students working on projects with 
local community members is associated with increased motivation and higher quality 
work in PBL schools (Condliffe, 2016).   
The results of this study highlight the benefit of organizing instructional design 
around problem-solving strategies or heuristics. The engineering design process is an 
example of an engineering heuristic. Students can use this framework to coordinate 
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problem solving in engineering design, and teachers can use this framework to organize 
engineering education instruction. I define this type of framework as a Power Framework 
and it serves two functions: (1) provide a scope and sequence to coordinate instruction, 
and (2) describe a disciplinary process that enables learners to solve a problem, address a 
need, or answer a question. For instance, the scientific method is a candidate Power 
Framework. Curriculum designers can organize the modules of a unit around the steps of 
the scientific method and students can use this process to navigate scientific experiments. 
In engineering, there are curriculum programs that implicitly use this Power Framework 
approach. For example, Engineering is Elementary organizes engineering units around a 
five-step engineering design process (Ask, Imagine, Plan, Create, Improve) and during 
the course of their learning, students use this method to solve the design challenge (EiE, 
2016). There are heuristics in other disciplines also that can also serve as Power 
Frameworks. For example, there are writing heuristics that facilitate the planning and 
implementation of expository papers (Connors, 2000), or mathematics heuristics to 
facilitate mathematic reasoning and problem solving (Chavez, 2007).    
In sum, frameworks provide a useful model to identify core learning objectives, 
organize curriculum, and teach students content knowledge. The topic of frameworks in 
education requires further research. Extensive research has been conducted in the 
learning sciences that emphasizes the importance of knowledge-centered learning 
(Bransford et al., 2000). Furthermore, professional development and externally developed 
curricula utilize instructional models to prepare teachers in curriculum design (Wiggins 
& McTighe, 2005) and subject-matter instruction (Bybee, 2006). However, there is less 
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research activity on this topic in engineering education. Researchers have pointed out the 
benefit of the engineering design process to coordinate instruction and student learning 
(Brophy et al., 2008; Cunningham, 2008). Curricular programs organize instruction and 
student learning around the engineering design process (NAE & NRC, 2009). 
Notwithstanding, few programs exist currently that prepare educators to learn about the 
association between student learning, instructional design, and frameworks in 
engineering education. Assessing the impact of framework-based curriculum on student 
outcomes is essential for validating this approach. This study provides preliminary 
evidence of the benefits and challenges of implementing this type of curriculum in the 
classroom, yet there is no evidence drawn from student measures such as observations, 
assessments, or interviews. Another area of interest is framework-driven instruction in 
other subject areas as well as learning settings such as college education or industry 
training. Lastly, identifying the impact of using frameworks in school-wide reform is 
another research opportunity. For example, the impact of the ECS model on 
interdisciplinary curriculum development among teacher communities represents one 
area of interest.  
 
 
6.3 TEACHERS AS CURRICULUM INNOVATORS 
Another major finding in this study is teachers can increase their capacity to 
integrate engineering in the classroom through curriculum design-based (CDB) 
professional development. After participating in the cited professional development 
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program, teachers reported greater confidence in designing engineering curricula and 
improvements in engineering content knowledge. Teachers also demonstrated a capacity 
to author engineering units that were aligned to engineering education principles and 
reported several benefits after implementing ECS units in the classroom. In particular, 
teachers highlighted how students were engaged in solving design problems that were 
situated in a real world context and required interdisciplinary knowledge and skills. 
Teachers also commented on the value of acting as facilitators through student-centered 
instruction and curriculum design strategies.  
Research indicates that teachers need an opportunity to try new practices, reflect 
on their experiences, and improve based on classroom feedback in order to prepare 
teachers for new instructional methods (Borko, 2004; Desimone et al., 2002; Garet et al., 
200). CDB professional development is one method for implementing this reform-
oriented practice. Teachers can experiment with new content knowledge and practices, 
evaluate instructional barriers and benefits, and develop curriculum materials that are 
relevant to their instructional goals (Ball & Cohen, 1996, Davis & Krajcik, 2005; Parke 
& Coble, 1997; Penuel, Fishman, Yamaguchi & Gallagher, 2007). In addition, this 
approach can position teachers as leaders. Teachers often feel as though reform is a top-
down activity in which administrators and external organizations direct the adoption of 
new curriculum materials (Condliffe, 2016; Handler, 2010; Parke & Coble, 1997). CDB 
takes an alternative approach in which teachers are positioned as innovators who actively 
identify teaching and learning goals, build relevant curriculum materials, and drive 
reform through an iterative process of design and implementation. This approach is 
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associated with positive teacher outcomes (Cappobianco & Rupp, 2014; Guzey & Moore, 
2015; Parke & Coble, 1997) and gains in student achievement (Penuel, Gallagher, & 
Moorthy, 2011).   
Providing useful strategies and resources to support innovation represents a 
critical need in teacher-led reform (Condliffe, 2016). In engineering education this need 
is substantial. While there are principles for teaching engineering (NAE & NRC, 2009), 
national education standards (NGSS, Lead States, 2013), research studies on how 
students learn in engineering (Purzer, Strobel, & Cardella, 2014), guidelines on 
professional development (Reimers, Farmer, & Klein-Gardner, 2015), and a large number 
of externally developed curricular programs (NAE & NRC, 2009) to support teachers, 
there are very few professional development resources that provide teachers with support 
on how to design and implement their own instructional materials (Custer & Daugherty, 
2009; Guzey & Moore, 2015, Purzer et al., 2014).  
The results of this study reveal a strategy to organize teacher-led curriculum 
innovation. The process begins with identifying the learning outcomes, assessments, and 
activities. The second stage involves building the curriculum materials and creating the 
learning environment, and the third stage is achieving results in the learning community. 
After implementing this process, teachers can cycle through the stages in order to 
improve the learning experience. This teaching cycle aligns with the original tenet of the 
professional development program, which was to enable teachers to be agile. Teachers 
can define a learning plan based on their classroom needs, architect their own curriculum, 
and provide value to their learning community. To show this Agile Teaching Cycle in 
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action, each stage (Identify, Build, Achieve) is described in Figure 10 in the context of 
building an ECS unit.  
 
Figure 10. Agile Teaching Cycle 
In the Identify stage, the teacher defines the learning experience. Using a 
backwards design approach (Wiggins & McTighe, 2005), teachers identify the learning 
outcomes, assessments and associated learning activities. Two instructional deliverables 
are a Project Definition and Outline. The Project Definition articulates the design 
challenge, guiding principles, and important knowledge and skills the student is intended 
to learn. At this point the teacher can align these criteria with student learning needs, 
educational standards, and the overall scope and sequence of the long-term learning plan 
(e.g. semester, year). The Outline articulates the learning assessments and activities. 
Using the ECS framework, the teacher identifies formative and summative assessment 
points. Established formative assessment points are positioned at the Explore Review, 
Create Review and industry role task in the Share phase. Throughout the engineering 
design process, there are other occasions to check in on student learning as they research, 
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create models, conduct tests, and exhibit artifacts from their projects (Brophy et al., 
2008). In addition, teachers can identify summative assessments that take form as a 
knowledge test or presenting artifacts in an exhibition (Householder & Hailey, 2012). In 
the outline, the teacher identifies the learning activities. These activities are organized 
into the three ECS stages, and each stage has specific tasks based on the steps of the 
engineering design process. The objective is to define what the students will learn and do 
so that they can successfully complete the design challenge.  Important considerations 
include teaching the guiding principles and associated content in the Explore phase as 
well as providing explicit check-in points to see how the guiding principles influenced 
the students’ Create activities.  Another consideration is scaffolding the creative process. 
Often students get locked into an idea and skip testing and redesign during the modeling 
and optimization stages (Brophy et al., 2008). The Share phase activities are defined as 
performance tasks that include an essential question or problem in a unique industry field, 
and an artifact that students need to produce. Overall, the Identify stage guides the 
direction of the instructional planning process in preparation for building the materials 
and learning environment.  
The Build stage is when a teacher creates the learning experience. The objectives 
are to author curriculum materials and prepare the learning environment. Deliverables 
include lesson plans and student materials as well as setting up the classroom 
infrastructure. In the professional development program, teachers were given templates to 
organize their lesson plan creation. Teachers rated this support resource as the second 
most helpful resource in authoring ECS units. The templates were MS Word documents 
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that included page templates for a unit overview, a matrix to list educational standards, 
and a lesson plan template to enter the learning objectives, assessments, and student 
activities for each ECS phase. Authoring lesson materials required a lot of time to 
implement, and according to teachers this was a significant barrier. In addition to 
building the curriculum, a teacher needs to set up the learning environment. Based on 
implementation feedback from this study, key considerations include setting up 
design/maker stations, pre-collecting required materials, and providing extended class 
periods to support inquiry and design.  Another consideration is involving stakeholders 
such as school administrators or community members. Teachers in this study identified 
this outreach as a challenge, especially when attempting to involve intended user groups 
or industry experts. Teachers can implement the Build stage independently or 
collaboratively. Group models may have teachers engage in a CDB professional 
development program and/or form a professional learning community. The latter model 
provides an opportunity for a group of teachers to support one another’s professional 
development by demonstrating, evaluating, and reflecting on new instructional practices 
(Borko, 2004; Garet et al., 2001). Teachers can also carry out the Build stage 
independently. In this case, teachers need a supportive school culture as well as the 
capacity (competencies & resources) and commitment to invest time and energy in 
building original content.  
The third stage is the Achieve stage. This is when the learning community works 
together to achieve results. These results can include cognitive and skills-based outcomes 
for students as well as benefits for educators such as improving instruction and increasing 
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collaboration with school community members. An essential activity in this stage is 
measuring and evaluating results. This process can be conducted by the teacher, students, 
administration, and outside organizations and experts.  In this study, teachers evaluated 
the results of implementing ECS units. Teachers highlighted how their students focused 
on learning content knowledge in an interdisciplinary manner that was directed at solving 
real world problems. Teachers also reported how they valued the opportunity to take on 
the role of facilitator, which was enabled by student-centered instructional strategies and 
curriculum design. Additionally, teachers presented challenges and solutions. Challenges 
were organized into three themes: (1) capacity challenges such as time and resources, (2) 
commitment challenges such as student motivation and administrative support, and (3) 
cultural challenges such as student collaboration and autonomy. Solutions were also 
organized into three themes: (1) teaching optimizations such as modifying the 
curriculum, (2) resource savviness such as creating dedicated maker spaces or re-using 
materials, and (3) a growth mindset such as prioritizing PBL and seeking out professional 
development.  
One way to represent the benefits, challenges and solutions of project-based 
engineering is to depict their interaction in a ramp diagram (Figure 11). On the ramp is a 
ball and this ball represents the benefits of project-based engineering. As the “ball” 
moves up the ramp, the benefits increase, and vice versa. The weight pushing down on 
the ball are challenges. The force thrusting the ball up the ramp represents the solutions. 
The results of this study limit the actors and actions represented in this diagram. This 
study focused on student and teacher benefits, and challenges and solutions focused on  
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Figure 11. Project-based Learning Achievement Ramp 
 
actions within the teachers’ control in the classroom. Achieving success in a learning 
environment is not limited to these elements. Learning involves several stakeholders such 
as students, educators, administrators, curriculum specialists, family members, and 
community members, with challenges and solutions that can be attributed to these 
stakeholders. For example, successful implementation of PBL reform is strongly 
associated with school-wide support from school administrators (Condliffe, 2016; 
Thomas, 2000). In engineering, involvement of community stakeholders is critical in 
providing an authentic context to create and deliver product innovation (Cross, 2006). In 
order to represent a more complete picture of the Achieve stage, further research is 
needed. For example, researchers can identify the benefits, challenges and solutions of 
PBL implementation associated with school administrators (e.g. department head, 
principal, superintendent). Further studies could also explore how other stakeholders are 
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impacted by project-based engineering. For example, what is the impact of engineering 
projects on user groups, professional experts who consult with the students, or parents 
who can play an active role in this learning experience? 
The Agile Teaching Cycle presents a model to organize the implementation of 
teacher-led curriculum innovation. The process does not end after one cycle. It is 
recommended that teachers iteratively improve their curriculum and teaching by running 
through the cycle multiple times. Improving instructional practices is an integral 
component of teaching. Teachers’ intended curriculum is often adapted and improved as 
a result of classroom implementation (Capobianco & Rupp, 2014). Over time, a teacher 
may add, remove, or change content to reflect the changing needs of the classroom (Ball 
& Cohen, 1996; Rogan, 2007; Rogan & Aldous, 2005). Instructional optimization 
represents a major theme in this study. Teachers consistently recommended instructional 
modifications to address time, resources, and content alignment challenges. Feedback 
that informs these modifications can originate from many sources. Students can share 
feedback in classroom discussions, demonstrate performance through assessments, and 
share reflections during and after a project is completed. Teachers can guide their own 
improvement through classroom observation, self-reflection, and analysis of student 
performance. Other educators can also provide input such as administrators observing 
classroom activities, teachers reviewing content, or community stakeholders evaluating 
project artifacts. 
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6.4 DESIGNING TEACHER PROFESSIONAL DEVELOPMENT  
The outcomes of this study point to several design features to advance professional 
development in teacher-led curriculum design. The recommendations are as follows: 
empower teachers to be leaders, incorporate educational frameworks, focus on both 
content knowledge and practices, align curriculum development with teachers’ 
professional contexts, integrate industry content and expertise, and scaffold training with 
mentoring and coaching resources.      
 
 Empower teachers to be leaders: Teachers can be empowered to lead 
educational reform (Darling-Hammond & Bransford, 2005). Preparing teachers to 
develop their own curricula is one strategy. Through curriculum development, 
teachers can design learning experiences that are relevant to their teaching setting, 
and develop the capacity to build and adapt materials as learning needs change 
(Ball & Cohen, 1996; Davis & Krajcik, 2005; Parke & Coble, 1997; Penuel et al., 
2007).  
 
 Incorporate educational frameworks: Organizing professional development 
around frameworks provides strategic guidance to teachers on how to adopt new 
content and practices in the classroom. This approach is used in preparing 
teachers to design curriculum (Wiggins & McTighe, 2005), to teach scientific 
inquiry (Bybee, 2006) and for engineering education (Cunningham, 2008). The 
ECS framework articulated a pathway for students to conduct engineering design 
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practices and provided an instructional model to organize the development of 
project-based engineering units, embed core concepts using the guiding principle 
methodology. The engineering design process and other disciplinary heuristics 
can provide an added benefit in professional development; they can outline a 
process to organize both curriculum development and student instruction.  
 
 Focus on both content knowledge and instructional practice: Teachers need to 
develop knowledge and practices to effectively implement educational reform 
(Borko, 2004; Garet et al., 2001). Focusing on both outcomes are important in 
CDB professional development. Teachers need to know what content is important 
in a given discipline and have the capacity to share this knowledge during 
classroom instruction. Teachers also need to develop instructional practices that 
are relevant to a given domain. For example, scaffolding the modeling process, 
scoping the requirements of a project, or situating student presentations in public 
exhibitions are important teaching considerations in engineering education 
(Brophy et al., 2008; Purzer et al., 2014). Designing curriculum provides a vehicle 
to focus on both outcomes. When designing curriculum teachers can actively 
engage in new content through planning, writing, research, and curricula testing 
(Parke & Coble, 1997). Teachers can also reflect on the nature of student learning 
as they design lesson materials (Wine & Azevedo, 2014), and when they 
implement the curriculum itself in the classroom teachers can analyze their 
instructional practice (Ball & Cohen, 1996; Davis & Krajcik, 2005).  
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 Align curriculum development with teacher’s professional context: Providing 
professional development that is coherent with a teacher’s professional context is 
important in educational reform (Garet et al., 2001; Desimone et al., 2002). 
Teachers have many professional requirements such as aligning instruction with 
state standards, school policies, department curriculum plans, and student 
capabilities. When a teacher designs his/her own curricula they can be empowered 
to address these needs (Ball & Cohen, 1996; Parke & Coble, 1997). During the 
design of the lesson experiences, teachers can be sensitive to the impact of student 
learning outcomes, assessments, and activities. As they build curriculum materials 
they can continue to modify and refine their instructional plans. During 
implementation, teachers can focus on what is aligned to their professional goals 
and pivot away from instruction that is not. Based on the results of this study, 
there are unique alignment challenges in engineering education: (1) implementing 
long term projects in the face of time barriers, (2) managing access to project 
resources such as design hardware and software, (3) aligning content with state 
education standards and associated content coverage demands, and (4) managing 
student expectations around peer collaboration and student autonomy.    
 
 Integrate industry content and experts: An aim in education is to prepare 
students for college and career experiences (National Academies, 2006). In the 
engineering education field, situating student learning in authentic practices and 
developing expertise in real world engineering and other STEM subjects is a 
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priority (NAE & NRC, 2009). Integrating engineering content and expertise into 
professional development supports this goal. In this study, teachers learned how 
to design instructional units that embedded engineering design practices and 
situated student performance tasks in industry roles. To prepare for this outcome, 
teachers learned how to develop curriculum and participated in industry-focused 
workshops and webinars. In the Foundations phase, each lecture was organized 
around industry product development phases (concept development, detailed 
design, production and manufacturing and field support). Industry experts 
delivered the lectures, discussing real world practices and use cases associated 
with each product development stage. During the Authoring phase, teachers also 
learned about industry practices associated with each stage of the ECS 
framework. For instance, teachers learned how professionals brainstorm in teams 
and industrial designers create conceptual mockups. 
 
 Scaffold training with coaching resources: Coaching can include expert 
observations, offering tips and feedback, and guidance as learners attempt to 
develop new knowledge and skills (Collins & Kapur, 2014). In this study 
coaching resources included online discussion forums, guided workshops, 
authoring resources, and teacher-mentors. Online forums provided an accessible 
platform to monitor, support, and engage teachers as they designed curricula. 
Guided workshops are an opportunity for coaches to model best practices and 
monitor teachers as they learn new concepts and practices. During the authoring 
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phase, teachers received template lesson plans, guides on project-based learning, 
and lecture handouts. Lastly, each teacher was paired with a teacher-mentor. The 
teacher-mentor reviewed each deliverable in the authoring phase and conducted 
face-to-face discussions with their teachers to address challenges and solutions in 
the authoring process.  
These recommendations are intended to support professional development 
designers who want to implement curriculum development in their programming. In 
addition to these recommendations, there is a significant body of research that identifies 
best practices for teacher professional development in general (Garet et al., 2001; 
Desimone et al., 2002) as well as for engineering education (Purzer et al., 2014; Reimers 
et al., 2015).  
 
6.5 FINAL THOUGHTS 
It is my hope that this dissertation will be helpful to other educators, researchers, 
and practitioners. The field of engineering education is an exciting and promising 
pathway for students to engage in meaningful and memorable learning experiences. My 
own experience researching theory on how people learn, developing the professional 
development program, evaluating its impact, and sharing my analysis has been 
tremendously valuable in my growth. In addition to developing new knowledge and 
skills, I also developed a passion for cultivating creativity in education. I believe students 
can be innovators in the classroom, and I also believe teachers can be innovators. 
Situating students in project-based engineering is one way to accomplish this learning 
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experience and teachers can take a lead in this reform by designing and implementing 
curriculum. 
Lastly, a consistent thought I had while developing and evaluating this 
professional development program is that teacher-led curriculum development can 
benefit from industry engineering. In particular, viewing one’s curriculum as a product 
and incorporating industry product development processes can provide a valuable context 
for designing effective learning experiences. For example, teachers can incorporate a 
systems engineering mindset that organizes the development of a product into its sub-
components and articulates a series of stages to conduct each step of the design process. 
In the professional development program cited in this study, teachers emulated this model 
as they conducted the seven stages of authoring that started with defining the project and 
outline which reflect the concept development stage of engineering, and then teachers 
built instructional modules for each ECS stage, which reflected the detailed design and 
production phases of product development.  
Another practice to incorporate is a sensitivity to both product functionality and 
aesthetic. When teaching students, it is important to consider how the student will learn 
(i.e. the functional aspects of the product) as well as how the students will be engaged by 
the content which includes the design of the classroom, lesson materials, and other 
experiences that appeal to the students’ senses (visual, ergonomic, etc.). This approach 
was included to some degree in this program. For example, teachers learned about 
graphic design principles before they built their student handouts and slide decks, which 
included topics such as user-experience design, color theory, or how to incorporate 
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graphics in documents and slides.  Finally, there is an innovator’s mindset associated 
with engineering that can benefit schools. The purpose of building a product is to produce 
something that is valuable to the customer. When a product is launched there are often 
strategies that are included to evaluate the product’s value (e.g customer satisfaction, 
repair logs), and over the course of the product’s life this data is used to improve its value 
or inform the design of future product iterations (e.g. a new car model).  In a similar vein, 
teachers can consider their product as a dynamic artifact that can be assessed, improved, 
and implemented with new features over time. Curriculum coordinators can play a role in 
evaluating product effectiveness, administrators can be advocates who promote the 
teacher-designer, and the customer (student, parent, community) can be an active 
participant in the curriculum development process by providing consistent feedback and 
contributing to the design of the curriculum product itself.  
These opportunities also represent gaps in the teaching field and new research 
fields to investigate in teacher professional development. How does the curriculum 
aesthetic affect student learning retention? How are learning customers integrated in the 
design of curriculum products? What phase-based models are effective in coordinating 
curriculum development? What are the pros and cons of teachers having an innovator’s 
mindset or startup habit of mind as they conduct themselves in schools? What business 
value do teacher products have outside of the traditional classroom? How do school 
stakeholders define ownership of curriculum products? Perhaps these questions will 
become more and more interesting to the field of education as new education models 
emerge (MOOCs, curriculum marketplaces, privatization of traditional schooling, coding 
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bootcamps) that challenge the role of the teacher and perhaps can be compared to 
industry which has a deep and rich experience managing product innovation.  
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APPENDIX A 
Engineering Curriculum Development (ECD) Self-efficacy survey 
 
 
 
 
1 = Strongly Disagree, 2 = Disagree, 3 = Slightly Disagree, 4 = Slightly Agree, 5 = Agree, 6 = Strongly Agree 
 
 
I can design curriculum that deepens students’ understanding of (ENG) 
1. Engineering concepts. 1 2 3 4 5 6 
2. The engineering design process.   1 2 3 4 5 6 
3. Real world applications of engineering concepts. 1 2 3 4 5 6 
 
I can design curriculum that deepens students understanding of (IND) 
4. How products are made in industry.  1 2 3 4 5 6 
5. The types of industry professions that are involved in making a product.  1 2 3 4 5 6 
6. Activities engineers do in industry.  1 2 3 4 5 6 
7. The connection between engineering and other professional careers.  1 2 3 4 5 6 
8. The connection between engineering and daily life.  1 2 3 4 5 6 
 
I can design curricula that provides students with the opportunity to  (EDP) 
9. Identify the requirements of a design challenge. 1 2 3 4 5 6 
10. Carry out project planning activities. 1 2 3 4 5 6 
11. Record project activities in a journal or notebook. 1 2 3 4 5 6 
12. Conduct research for a design project. 1 2 3 4 5 6 
13. Analyze research findings of a design project. 1 2 3 4 5 6 
14. Brainstorm solutions to a design challenge/problem. 1 2 3 4 5 6 
15. Create a prototype model of a design solution. 1 2 3 4 5 6 
16. Test a prototype. 1 2 3 4 5 6 
17.  Improve a prototype based on test results. 1 2 3 4 5 6 
18. Communicate a design project’s result to an audience.  1 2 3 4 5 6 
 
 
I can design curriculum that provides students with the opportunity to (PBL) 
19. Focus on learning academic concepts.  1 2 3 4 5 6 
20. Focus on solving a driving question or challenge.  1 2 3 4 5 6 
21. Engage in learning activities that are scaffolded.  1 2 3 4 5 6 
22. Engage in in-depth learning experiences.  1 2 3 4 5 6 
23. Make their own choices during project implementation.  1 2 3 4 5 6 
24. Collaborate with other students.  1 2 3 4 5 6 
25. Receive feedback on their work.  1 2 3 4 5 6 
26. Review their work.  1 2 3 4 5 6 
27. Present their work to people beyond their classmates and teacher.  1 2 3 4 5 6 
 
I can design curriculum that (SL) 
28.  Hooks and sustains student interests.  1 2 3 4 5 6 
29. Fosters student creativity.  1 2 3 4 5 6 
30. Fosters student critical thinking. 1 2 3 4 5 6 
31. Increases student achievement.  1 2 3 4 5 6 
32. Fosters student transfer of learning.  1 2 3 4 5 6 
 
I can design curriculum that provides students with the opportunity to learn about the 
connections between  (INT) 
33.  Science concepts and another subject area.  1 2 3 4 5 6 
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34. Technology concepts and another subject area.  1 2 3 4 5 6 
35. Engineering concepts and another subject area.  1 2 3 4 5 6 
36. Mathematics concepts and another subject area.  1 2 3 4 5 6 
37. English language arts concepts and another subject area.  1 2 3 4 5 6 
38. Social studies concepts and another subject area.  1 2 3 4 5 6 
39. Visual arts concepts and another subject area.  1 2 3 4 5 6 
 
 
 
 
 I can design curriculum that aligns with (TC) 
39.  State-level education standards.   1 2 3 4 5 6 
40.  State-level student assessments.  1 2 3 4 5 6 
41. Your administration’s teacher evaluations.   1 2 3 4 5 6 
42. Your administration’s school curriculum goals.    1 2 3 4 5 6 
43. The learning needs of your students.   1 2 3 4 5 6 
44. Your teaching interest.  1 2 3 4 5 6 
45. Subject areas you teach.  1 2 3 4 5 6 
46. The use of space in the classroom.  1 2 3 4 5 6 
47. The management of time.  1 2 3 4 5 6 
48.  Hardware resources.  1 2 3 4 5 6 
49.  Arts & Crafts supplies.  1 2 3 4 5 6 
50.  Digital resources.  1 2 3 4 5 6 
51. Print materials.  1 2 3 4 5 6 
 
When I am designing curricula, I can effectively (CDP) 
52. Define student learning objectives of a curriculum.  1 2 3 4 5 6 
53. Plan a sequence of student activities.  1 2 3 4 5 6 
54. Create student handouts/worksheets.   1 2 3 4 5 6 
55. Create student assessments.  1 2 3 4 5 6 
56. Create lesson plans/teacher guides.   1 2 3 4 5 6 
57. Analyze evaluation data (e.g. student assessments, admin feedback, 
peer feedback) to assess my curriculum design effectiveness.  
1 2 3 4 5 6 
58. Reflect on my curriculum development effectiveness.  1 2 3 4 5 6 
59. Improve my curriculum design based on evaluation data (e.g. student 
assessments, admin feedback, peer feedback).  
1 2 3 4 5 6 
 
ECS Self-efficacy subscales reliability  
Construct Subscale Code Items Reliability 
K–12 Engineering Content ENG 3 0.93 
Industry Engineering Content  IND 5 0.95 
Engineering Design Process EDP 10 0.91 
Project-based Learning  PBL 9 0.97 
Student Learning  SL 5 0.96 
Integrated Learning  INT 7 0.95 
Teaching coherence  TC 13 0.95 
Curriculum Design Planning  CDP 8 0.97 
		
	187 
APPENDIX B 
 
Teaching with Engineering Design (TED) curriculum quality instrument 
 
 
Design Strategy 
 
1 (Not informed) 2 (Beginner) 3 (Intermediate)   4 (Advanced)  
1. Understand the 
challenge: ask 
questions and 
define features of 
engineering 
problem/challenge 
(i.e. constraints, 
goal, end user, 
client needs), and 
connect prior 
learning/experienc
e to the design 
challenge context.  
 
-The curriculum 
intends for the teacher 
to deliver a highly 
scripted design 
project which is 
lacking a clear 
problem to solve.   
-The curriculum did 
not intend for the 
teacher to discuss the 
goals requirements of 
the design activity.  
-The curriculum 
intends for the teacher 
to deliver a challenge 
that is a pre-defined 
problem; there is very 
little or no 
opportunity for the 
students to 
change/influence the 
problem definition.  
-The curriculum 
intends for the teacher 
to briefly review the 
challenge 
requirements with the 
students.  
-The curriculum 
intends for the 
students to have 
some influence on 
reframing the 
challenge.  
-The curriculum 
intends for the 
students to explore 
the challenge and 
its associated 
requirements (e.g. 
criteria, 
constraints).  
-The curriculum 
intends for the 
students to briefly 
connect prior 
experience/learnin
g to the challenge 
context.  
 
-The curriculum 
intends for the 
students to deeply 
explore, 
comprehend, and 
frame the problem 
better. 
-The curriculum 
intends for the 
students to delay 
design decisions in 
order to connect 
their prior 
experience/learnin
g to the challenge 
context.  
 
 
2. Research: 
enhance 
background 
knowledge, and 
build 
understanding of 
users, product(s), 
and related content 
knowledge. 
Analyze findings 
in preparation to 
inform ideation 
and modeling.  
 
 
 
 
-The curriculum did 
not intend for the 
teacher to include 
research activities; 
instead students are 
directed to pose or 
build solutions 
immediately.  
-The curriculum 
intends for the teacher 
to provide very little 
if any at all 
background 
information on the 
challenge and 
associated content 
areas.   
-The curriculum 
intends for the teacher 
to provide some 
background 
information on the 
project (e.g. product, 
users, important 
concepts and skills) 
mainly through 
teacher-centered 
methods (e.g. lecture, 
discussion).  
-The curriculum 
intends for the teacher 
to provide very few, 
if any at all, activities 
in which students 
explicitly analyze and 
connect background 
information to future 
design tasks.   
 
-The curriculum 
intends for the 
teacher to provide 
an in-depth 
account of 
background 
information.   
The curriculum 
intends for the 
students to explore 
some topics 
independently and 
in group activities.  
-The curriculum 
intends for the 
students to analyze 
their research 
findings and on 
some occasions 
demonstrate how 
these findings will 
inform their future 
design tasks.   
-The curriculum 
intends for the 
students to conduct 
both independent 
and group 
research.  
-The curriculum 
intends for the 
students to analyze 
their research 
findings and on 
many occasions 
demonstrate with 
concrete evidence 
how these findings 
will inform future 
design tasks.  
-The curriculum 
intends for the 
teacher to be a 
guide/facilitator in 
this task.   
		
	188 
Design Strategy 
 
1 (Not informed) 2 (Beginner) 3 (Intermediate)   4 (Advanced)  
3. Ideation: 
generate a range 
of design ideas to 
avoid fixation; 
ideas are 
grounded in 
research and 
aligned with the 
challenge 
requirements; 
selection of ideas 
is organized, 
structured, and 
collaborative.  
 
-The curriculum does 
not intend for the 
students to brainstorm 
more than one 
solution nor evaluate 
the proposed idea.  
The curriculum does 
not intend for the 
students to work 
collaboratively during 
the ideation process.  
-The curriculum does 
not intend for the 
students to ground 
their proposed ideas 
in prior research.  
  
-The curriculum 
intends for the 
students to brainstorm 
at least two solution 
ideas but there is 
limited time for 
evaluation.   
-The curriculum 
intends for the 
students to work 
collaboratively on 
some aspect of the 
ideation process (e.g. 
selection, voting, and 
refinement) but not 
each step.   
-The curriculum 
intends for the 
students to identify a 
few reasons why they 
chose their designs 
but it is not required 
to ground their 
proposed ideas in 
prior research.  
 
-The curriculum 
intends for the 
students to 
brainstorm several 
ideas and 
extensive time is 
given to 
evaluation.  
-The curriculum 
intends for the 
students to work 
collaboratively on 
most aspects of the 
ideation process.  
-The curriculum 
intends for the 
students to 
explicitly identify 
how prior research 
informed their 
design process, 
including the 
guiding 
principle(s) of the 
project.   
-The curriculum 
intends for the 
students to 
brainstorm many 
ideas and use 
multiple approaches 
to evaluate their 
proposed ideas 
before picking final 
idea(s).  
-The curriculum 
intends for the 
students to 
collaborate through 
the entire ideation 
process.  
-The curriculum 
intends for the 
students to ground 
their ideation steps 
in prior research 
(including the 
guiding principle) 
and encourages 
students to revise 
and refine their 
ideas with 
additional research 
time.  
4. Modeling: 
investigate and 
create different 
ideas via 
sketching, 
modeling 
solutions, and 
making prototypes.  
 
 
-The curriculum 
intends for the teacher 
to provide a scripted 
set of building 
instructions for 
creating prototypes.  
-The curriculum does 
not intend for the 
students to create 
increasingly 
sophisticated 
prototypes, instead 
the students move 
immediately into 
creating the final 
prototype.  
-The curriculum does 
not intend for the 
students to ground 
their modeling in 
prior research.  
 
-The curriculum 
intends for the teacher 
to direct students on 
some aspects of 
modeling with build 
instructions and tips.  
-The curriculum 
intends for the student 
to create at least one 
initial model before 
building the final 
prototype.  
-The curriculum 
intends for the 
students to ground 
some of their model-
ing decisions in prior 
research, including 
the guiding principle, 
but explicit evidence 
(e.g. writing, visual) 
is not required.   
-The curriculum 
intends for the 
students to have a 
moderate level of 
autonomy in the 
modeling process.   
-The curriculum 
intends for the 
students to create 
multiple models 
(sketch, craft, kit, 
3D, etc.) that 
demonstrate 
increasing 
sophistication.  
-The curriculum 
intends for the 
students to demon-
strate with some 
evidence how their 
modeling process is 
informed by prior 
research, including 
the guiding principle.  
-The curriculum 
intends for the 
students to define, 
plan, and execute 
their own modeling 
process.  
-The curriculum 
intends for the 
students to create 
multiple models of 
their solution, and 
ultimately a final 
working model.   
-The curriculum 
intends for the 
students to demon-
strate with extensive 
evidence how their 
modeling process is 
informed by their 
research, including 
the guiding prin-
ciple of the project.   
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Design Strategy 
 
1 (Not informed) 2 (Beginner) 3 (Intermediate) 4 (Advanced)  
5. Optimization: 
Run test to learn 
how prototypes 
behave and/or look 
aesthetically in 
order to optimize. 
Use iteration to 
improve ideas 
based on feedback 
and data.   
 
 
 
 
-The curriculum does 
not intend for the 
students to test or 
evaluate their 
prototype.   
-The curriculum does 
not intend for the 
students to improve 
their prototype base 
on any 
testing/evaluation 
data.  
-The curriculum 
intends for the 
students to conduct at 
least one test 
(experimental study) 
or evaluation (user 
feedback, expert 
review) of their 
prototype.   
-The curriculum 
intends for the 
students to improve 
some aspect of their 
prototype but is not 
required to show 
evidence how this 
change was grounded 
in testing/evaluation 
data.  
  
-The curriculum 
intends for the 
students to conduct 
several 
tests/evaluations of 
their prototypes.  
-The curriculum 
intends for the 
students to 
iteratively improve 
their prototypes by 
incorporating 
testing/evaluation 
data, and to 
concretely 
demonstrate how 
these changes are 
grounded in data.  
 
 
 
 
-The curriculum 
accounts for the 
students 
conducting tests to 
learn about 
materials, key 
design variables 
and how the 
system works.  
-The curriculum 
intends for the 
students to conduct 
systematic, 
experimental tests 
(i.e. test one 
variable at a time).  
-The curriculum 
intends for the 
students to focus 
their attention on 
problematic areas 
and to identify 
ways to fix them 
through trouble 
shooting and 
further testing that 
is grounded in 
data.  
 
6. Reporting: 
communicate the 
project experience 
and design results 
to a public 
audience.   
 
 
 
-The curriculum does 
not intend for the 
students to submit a 
final report (visual, 
written or oral) that 
identified the 
students’ project 
experience or results.   
-The curriculum does 
not intend for the 
students to publicly 
present their work to 
students or the 
teacher in the class. 
-The curriculum 
intends for the 
students to submit a 
final report (visual, 
written or oral) that 
covers their project 
experience and/or 
final results.  
-The curriculum 
intends for the 
students to publicly 
present their work to 
students or the 
teacher in the class.  
 
 
-The curriculum 
intends for the 
students to submit 
a final report 
(visual, written or 
oral) that covers 
their project 
experience and 
final results.  
-The curriculum 
intends for the 
students to 
publicly present 
their work to staff 
and students 
within the school 
(beyond their 
classroom).  
 
-The curriculum 
intends for the 
students to submit 
a final report 
(visual, written or 
oral) that covers 
both their project 
experience and 
final results.  
-The curriculum 
intends for the 
students to 
publicly present 
their work to 
people outside of 
the school 
(community 
residents, 
employers, other 
schools, industry 
professionals).  
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1 (Not informed) 2 (Beginner) 3 (Intermediate) 4 (Advanced)  
7. Review and 
Reflection: 
periodically and 
systematically 
review and reflect 
while designing 
solutions.  
 
 
 
-The curriculum does 
not intend for the 
teacher to formally or 
informally review 
student work.  
-The curriculum does 
not intend for the 
students to reflect on 
their design process, 
individually or 
collaboratively.  
 
-The curriculum 
intends for the teacher 
to conduct at least one 
formal design check-
in/review.  
-The curriculum 
intends for the 
students to participate 
in at least one activity 
where they reflect on 
their design process, 
individually or 
collaboratively; 
evidence of this 
reflection process is 
not required.  
-The curriculum 
intends for the 
teacher to conduct 
formal design 
reviews at several 
key stages of the 
design process (e.g. 
research analysis, 
ideation, modeling, 
optimization).  
-The curriculum 
intends for the 
students to show 
evidence (written, 
oral, visual) of how 
individual or group 
reflections 
informed their 
design process.   
 
-The curriculum 
intends for the 
teacher to conduct 
extensive design 
reviews with 
students, and 
reviews are also 
conducted with 
people outside of 
the class (e.g. 
industry 
professionals, 
school community, 
etc.).   
The curriculum 
intends for the 
students to consis-
tently reflect on 
their design process 
by using multiple 
approaches and 
mediums to express 
their reflections.  
 
8. Project 
Planning & 
Management: 
identify project 
goals, project 
milestones, 
resources, team 
work, and timeline.  
 
-The curriculum 
intends for the teacher 
to plan and manage 
all aspects of project 
planning and 
management.  
 
-The curriculum 
intends for the 
students to plan and 
manage a few aspects 
of project planning 
and management.   
-The curriculum 
intends for the 
students to plan 
and manage quite a 
bit (~50%) of the 
project planning 
and management 
tasks.     
-The curriculum 
intends for the 
students to plan 
and manage most 
aspects of project 
planning and 
management.     
9. Materials & 
Technology: use 
materials and 
technology 
appropriately.  
 
 
-The curriculum 
intends for the 
students to use 
materials and 
technology that are 
not age appropriate or 
appropriate for the 
design project (e.g. 
irrelevant materials, 
overly sophisticated 
or simplistic 
technology).   
-The curriculum 
intends for the students 
to use technology and 
materials that are 
mostly appropriate for 
the design tasks and 
student population.  
-The curriculum 
intends for the teacher 
to identify most of the 
materials and 
technologies available 
to the student. 
-The curriculum does 
not intend for the 
teacher to discuss 
materials and tool 
safety. 
 
-The curriculum 
intends for the 
students to use 
materials and tech-
nology that are very 
appropriate for the 
design project and 
student population.  
-The curriculum 
intends for the 
students to have 
some autonomy in 
resource selection 
and use.  
-The curriculum 
intends for the 
teacher to identify 
and support effect-
tive and safe use of 
materials and 
technology.  
-The curriculum 
intends for the 
students to take 
ownership of 
identifying and 
using appropriate 
materials and 
technologies.  
-The curriculum 
intends for the 
teacher to highlight 
appropriate material 
& technology 
safety, and require 
the students to take 
some ownership of 
this safety 
requirement.  
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1 (Not informed) 2 (Beginner) 3 (Intermediate)   4 (Advanced)  
10. Collaboration: 
work with other 
students and 
people outside of 
the classroom to 
foster rich, 
dynamic learning 
and design 
experiences in the 
classroom.   
 
-The curriculum does 
not intend for the 
students to work 
collaboratively during 
the design project.  
-The curriculum 
intends for the 
students to work 
collaboratively with 
other students in the 
classroom.  
-The curriculum 
intends for the 
students to work 
collaboratively 
with other students 
in the classroom 
and on some 
occasion with 
other people 
outside of the 
classroom (e.g. 
school, district, 
town, online, etc.). 
-The curriculum 
intends for the 
students to 
consistently 
collaborate with 
other students in 
the classroom as 
well with people 
outside of the 
classroom (school, 
district, town, 
online, etc.). 
 
 
11. Academic 
Rigor: inform the 
design process by 
applying academic 
concepts and 
practices including 
enduring 
understandings 
(e.g. big ideas, 
guiding 
principles), as well 
as alignment with 
academic standards 
and assessments.  
 
 
 
-The curriculum does 
not intend for the 
students to learn and 
apply academic 
content in their design 
process. 
-The curriculum does 
not intend for the 
teacher to explicitly 
connect student 
learning to curriculum 
frameworks/standards
.  
-The curriculum does 
not intend for the 
teacher to implement 
formative or 
summative 
assessments.      
-The curriculum 
intends for the 
students to learn and 
apply some academic 
content but not 
explicitly the guiding 
principle(s) of the 
project.   
-The curriculum 
intends for the teacher 
to explicitly connect a 
few design tasks to 
curriculum 
frameworks/standards
.  
-The curriculum 
intends for the teacher 
to implement 
formative and 
summative 
assessments.   
 
 
 
 
-The curriculum 
intends for the 
students to learn 
and apply 
academic content, 
including activities 
focused on the 
guiding 
principle(s) of the 
project.   
-The curriculum 
intends for the 
teacher to make 
many connections 
between the design 
tasks and 
curriculum 
standards.    
-The curriculum 
intends for the 
teacher to 
implement 
formative and 
summative 
assessments, and 
on some occasions 
students take an 
active role is peer 
assessment. 
 
-The curriculum 
intends for the 
students to learn 
and apply 
academic content 
(including guiding 
principles) 
identified as 
important by the 
teacher and 
students.  
-The curriculum 
intends for the 
teacher to make 
many connections 
between the 
students’ design 
tasks and 
curriculum 
frameworks from 
various disciplines.  
-The curriculum 
intends for the 
teacher and 
students to share 
the responsibility 
of assessment.  
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Design Strategy 
 
1 (Not informed) 2 (Beginner) 3 (Intermediate)   4 (Advanced)  
12. Industry 
Product 
Development: 
students learn and 
apply industry 
product 
development 
concepts and 
practices.    
 
 
-The curriculum does 
not intend for the 
students to explicitly 
learn industry product 
development 
concepts or practices.  
-The curriculum 
intends for the 
students to 
occasionally learn and 
apply industry 
product development 
concepts and 
practices. 
 
-The curriculum 
intends for the 
students to 
frequently learn 
and apply industry 
product 
development 
concepts and 
practices that are 
made visible 
through explicit 
performance tasks.  
 
-The curriculum 
intends for the 
students to 
consistently 
position 
themselves as 
industry 
professionals who 
design, develop, 
and deliver 
products/services.  
 
13. Authentic 
Design: student 
design process 
incorporates input 
from community 
members (in or out 
of the school) and 
final outcomes 
have an intended or 
real impact on a 
community group 
 
 
-The curriculum does 
not intend for the 
students to simulate 
or collect real 
feedback from a user 
group/community.   
-The curriculum does 
not intend for the 
students to create a 
final product that 
either simulates or 
directly impacts a 
user 
group/community.  
 
-The curriculum 
intends for the 
students to 
incorporate user 
feedback/needs (real 
or simulated) in their 
design process. 
-The curriculum 
intends for the 
students to 
occasionally imagine 
or simulate how their 
products would 
impact a user 
group/community. 
 
-The curriculum 
intends for the 
students to collect 
some authentic 
feedback from an 
intended user 
group or affiliated 
community.  
-The curriculum 
intends for the 
students to 
frequently imagine 
or simulate how 
their product 
would impact a 
user group.  
 
 
-The curriculum 
intends for the 
students to 
consistently get 
feedback from the 
intended user 
group.  
-The curriculum 
intends for the 
students to create a 
product that could 
be used by a user 
group, and at some 
point the final 
product is 
presented to this 
user group.   
-The final product 
is nearing or 
meeting 
professional 
quality and in 
some cases is 
actively being used 
in the field or 
marketplace. 
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